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SUMMARY 

Intermediate Moisture Foods (IMF) a re  generally unstable systems 

with respect t o  chemical and microbiological deterioration. 

due t o  the f ac t  t ha t  over the range i n  water a c t i v i t y  to which they are  

prepared many react ions occur a t  accelerated rates .  However,the method 

of preparation of food can have some influence on s t ab i l i t y .  

because i n  the moisture range used f o r  IME' sorption hysteresis  occurs, 

thus a food with a higher moisture content i s  made by adding enough 

humectant t o  lower the water a c t i v i t y  (A ) t o  a given value (desorption) 

as compared t o  drying t h a t  same food-humectant mixture to  a low moisture 

content and then rehumidifying i t  back t o  the  same A, (adsorption). 

This i s  

This i s  

W 

With respect t o  l i p i d  oxidation, it occurs in meat type IMF a t  a 

r a t e  t h a t  i s  f a s t e r  than found i n  freeze-dried foods. 

pared foods oxidize 3 t o  6 times f a s t e r  than adsorption prepared foods, 

This i s  due to  the increased ca t a lys t  mobility i n  the  l iquid environment, 

Even with antioxidants desorption foods have less than 3 months s t a b i l i t y ,  

The addition of BHA as an antioxidant i n t o  an adsorption prepared PIF, 

however, should give a food of one year shelf l i f e .  

Desorption pre- 

Non-enzymatic browning a l so  occurs qui te  rapidly i n  IMF systems. 

F r u i t  type systems were not s tab le  f o r  more then three months* 

(higher moisture) systems brown a t  a s l i gh t ly  slower r a t e  than adsorption 

systems, 

Desorption 

This was a t t r ibu ted  t o  the product inh ib i t ion  of water. 

Most s igni f icant ly  i t  was found tha t  microbial growth i n  IMF systems 

is a strong function of the method of preparation, Minimum water a c t i v i t i e s  
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for growth i n  the 

pared IMF systems with molds and yeast  being the  only problem, 

found,however, t ha t  the minimum water a c t i v i t y  for four d i f f e ren t  organ- 

isms is much higher than reported i f  the food is made by the adsorption 

process, even with elimination of any processing stresses.  This means 

s table  ZMF systems can be made without concern f o r  microbial growth and 

without addition of anti-growth agents. 

l i t e r a t u r e  bear out  the r e s u l t s  for desorption pre- 

It was 

Packaging requirements were found t o  be minimal fo r  IMF systems. 

Protection against  water loss  can be m e t  by current ly  avai lable  materials. 

Adequate protect ion can a l so  be found f o r  oxidizable systems by uslng 

vacuum sealing and low oxygen permeable films, 
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Analysis of Storage S t a b i l i t y  of Intermediate Moisture Foods 

I. INTRODUCTION AND LITERATURE SURVEY 

A. Purpose of Study 

Intermediate moisture foods w i l l  8erve a very important purpose i n  

fu ture  manned space missions from several  points  of view, 

d i a t e  moisture foods (abbreviated a s  IMF i n  the  t e x t )  w i l l  allow f o r  

a convenient food which can supply both high nu t r i t i on ,  pleasing 

texture  and ease of ea t ing  f o r  the astronaut without the need f o r  

rehydration, I n  addition, through control  of the  method of prepara- 

Interme- 

t ion,  these foods can be made shelf  s tab le  to microbiological decay, 

i.e. no re f r igera t ion .  

food t o  a moisture content range of 15-40 g H20 per  100 g so l id s  and 

a reduced water a c t i v i t y  usual ly  i n  the range of 0.6 t o  0.85. 

These f a c t o r s  a r e  based on preparation of the 

Labuza e t  a l ,  (1970a) have reviewed the bas ic  chemistry and ela-  

borated on the de te r iora t ion  mechanisms of intermediate moisture foods. 

In Contract NAS 9-9426 (Labuza 1970) s tud ies  were made i n  model systems 

t o  e luc ida te  these de t e r io ra t ive  reac t ions  and i n  addi t ion some 

preliminary foods were prepared and stored f o r  a short  period of time 

t o  ve r i fy  the model system studies ,  

terms of water a c t i v i t y  and addi t ives  were found which could improve 

storage l i f e .  These f indings w i l l  be discussed below. 

Several important f a c t o r s  i n  

- 10- 



In  Contract NAS 9-9426 s tudies  were made with model systems to  

evaluate the extent of chemical de te r iora t ion  i n  the intermediate 

moisture range. 

t h i s  range reaching a maximum. Further work by Labuza e t  al .  (1971) 

showed t h a t  t h i s  occurred with e i t h e r  protein o r  carbohydrate based 

systems. I n  addition, the antioxidant BHA and the  chelat ing agent 

EDTA worked t o  reduce oxidation under the PIF conditions but the  effec- 

t iveness  was very dependent on the ove ra l l  system composition. 

in l ipid-protein systems was negligible. 

It was found t h a t  l i p i d  oxidation was accelerated in 

Browning 

Preliminary s tudies  were car r ied  out i n  several  foods which con- 

firmed the  above resu l t s .  In  a f reeze dr ied rehumidified chicken 

system the  antioxidant BHA gave very good protect ion t o  oxidation. 

Oxidation i n  the intermediate moisture range was rapid but not enough 

data  poin ts  were taken t o  compare accurately between moisture levels.  

I n  a ca r ro t  IMF system it was found t h a t  t he  carotenoids oxidize more 

rapidly than i n  a system nearer the monolayer moisture content. This 

is as would be expected from the  model system studies. Final ly ,  a 

chicken system was prepared with a cooked ground chicken-slurry t o  

which ce l lu lose  and glycerol  were added t o  reduce the  water a c t i v i t y  

t o  75% RH. 

dried chicken. BHA was found t o  be very e f f ec t ive  in stopping oxidation; 

however, EDTA was not. 

This system oxidized very rapidly a s  compared t o  the  freeze 

I n  terms of non-enzymatic browning an applesauce IMF system a t  95% 

RH was studied i n  which only a s l i g h t l y  measurable increase i n  color 

was found a t  e i t h e r  37' or 45°C i n  2 weeks. A t  52OC the  brown color 



developed more rapidly but t h i s  could be due t o  a change i n  react ion mecha- 

nism pathway (S. Fan 1969, M.I.T. M.S. Thesis). 

This present study was designed to car ry  out storage studiesof a t  Least 

3 months duration of several  IMF items including a meat, vegetable and 

f r u i t  type product. These products were kept a t  37°C and analyzed f o r  

chemical and microbiological de te r iora t ion  and the influence of pro- 

tec t ive  additives.  

As an important aspect of t h i s  study, some aspects  of the methods 

of preparation were considered. Essent ia l ly  to get  t o  the f i n a l  s t a t e  

of an IMF, two routes  can be taken, I n  the  d i r e c t  procedure, a food 

a t  i t s  normal f r e sh  moisture content is combined with the various 

addi t ives  and humectants so t ha t  i t  approaches the  f i n a l  s t a t e  by 

going down the desorption branch of the moisture sorption isotherm a s  

shown i n  Figure 1. This method is t h a t  described f o r  several  current 

processes (Roll is  e t  a l ,  1968, Chen 1970) including the manufacture 

of breakfast  t a r t s  from f r u i t  preserves. The other  major way i s  to  

s t a r t  with dry ingredients  and add the water e i t h e r  by humidification 

or by mixing i n  with a humectant solution, 

by Labuza f o r  NAS 9-9426 and i n  the s tud ies  of Heidelbaugh (1970), 

Heidelbaugh and Karel (1970) and Labuza e t  al .  (1971). This method 

This i s  the method used 

e s sen t i a l ly  e n t a i l s  going up the  adsorption branch of the isotherm t o  

reach the f i n a l  condition. It can be seen from Figure 1 t h a t  t h e  t w o  

methods give e n t i r e l y  d i f f e ren t  f i n a l  moisture contents a t  the same 

r e l a t i v e  humidity or  water a c t i v i t y  (water a c t i v i t y  45 3: B), 
- 12- 



How t h i s  difference a f f e c t s  s t a b i l i t y  of the  food is not known, 

addition, many of the methods f o r  manufacture of IMF pet foods employ 

the mixing of ground meat and meat by-products with dry ingredients  

and humectants so t ha t  a combination o€ adsorptian-desorption s teps  

occur (Bone 1968, Burgess and Mellentin 1965, Coleman 1969, Pavey and 

Schack 1969, Pinkos 1968, and Sanderude and Ziemba 1968). This method 

most l i k e l y  approaches the adsorption r a the r  than the desorption branch. 

Table 1 shows a summary of the  various methods of preparation of IMF 

systems. 

i.e, a desorption and adsorption method, t o  analyze the s t a b i l i t y  of 

several  IMF systems a s  w e l l  a s  the effect iveness  of 

i n  cont ro l l ing  s t a b i l i t y ,  

I n  

This study was designed t o  use one of each of the two methods, 

various addi t ives  

B. Intermediate Moisture Foods 

1, Description 

A new approach t o  solve the undesirable organoleptic character-  

i s t i c s  of dr ied products and the  inconvenience of rehydration i s  t o  

make food systems characterized by a water binding agent as a major 

compound (sugar, glycerol ,  s a l t ,  etc.). The presence of the water 

binding agent permits i n  these foods an increase of the  moisture con- 

t en t  t o  a l eve l  which improves the tex ture  and ye t  cont ro ls  the  water 

a c t i v i t y  i n  order  t o  i n h i b i t  the  growth of microorganisms, 

"Intermediate Moisture Foods" (IMF) have a water a c t i v i t y  of from 0.6 

t o  0.85 and moisture content from 20 t o  40%, The moisture content i n  

some cases i s  a t  higher values, depending on the  method of preparation 

These foods 

.. 13- 



and the quantity of water binding agent added t o  the food system. 

A qual i ta t ive  de f in i t i on  of IMF gives a b e t t e r  descr ipt ion of the 

deeireble  cha rac t e r i s t i c s  of these foods. 

and eas i ly  masticated, 

the r i g i d  s t ruc tures  of dehydrated products. 

avoiding the  need f o r  water recons t i tu t ion  of dried products. 

They a re  Somewhat p l a s t i c  

Their texture  i s  much c loser  to  normal food than 

The 'IMF are  ready t o  e a t  

Since 

they a re  p l a s t i c ,  they can be molded i n t o  cohesive blocks of uniform 

geometry to  f a c i l i t a t e  packaging and storage. 

dehydrated products, they a re  considered shelf s tab le  without re- 

f r igera  t ion. 

As i n  the  case of 

The cha rac t e r i s t i c s  mentioned above give t o  ZMF systems obvious 

marketing advantages such a s  elimination of the  r e f r ige ra t ion  require- 

ment f o r  consumer foods. IMF systems are  r e l a t i v e l y  low i n  moisture 

content and hence can be considered concentrated from the standpoint 

of weight and ca lo r i c  content. They permit easy packaging and r e l i e f  

from the problem of package breakage and subsequent food spoilage. 

Therefore these foods have been gaining i n  importance i n  recent years 

as re f lec ted  i n  the commercial success i n  the  pe t  food industry, (Pinkos 

1968, Coleman 1969) and i n  the increasing research i n  aerospace and 

mi l i ta ry  feeding systems (Hollis e t  al.  1968, Brackman 1970, Labuza 19711, 

Furthermore the IMF represents  a po ten t i a l  method of food preservation 

i n  developing countr ies  where the  food d i s t r ibu t ion  is  d i f f i c u l t  and 

large amounts of foodstuffs  a r e  wasted due t o  the lack of re f r igera-  

t i on  systems. 



Although i n  the past  there  have been various kinds of PIF such a s  

confectionery products with high sugar content, dr ied f r u i t s  and cer ta in  

bakery products, the current i n t e r e s t  i n  t h i s  area represents a new 

look a t  what possibly can be done i n  the creat ion o r  design of new 

products. 

I n  designing an EMF system the f i r s t  consideration should be i n  

the select ion of the  water binding agent. 

strength,which i s  evidenced by a depression of the water a c t i v i t y  of the 

water present i n  the food, can be estimated by r e l a t ing  water a c t i v i t y  

t o  Raoult's Law (Equation 1) 

The cha rac t e r i s t i c  binding 

& = A w =  %,O =%RH 0.13- 

Po NH2O + NS 100 

Where 

p 5 vapor pressure of food 

po= vapor pressure of pure water 

%= water a c t i v i t y  

N ~ , ~  = moles of water 

Ns= moles of so lu te  

%RH = equilibrium r e l a t i v e  humidity 

Actually the solut ions i n  the food system do not behave a s  idea l  solu- 

t ions,  and therefore there  are deviations from Raoult*s Law: 

a l l  the water i s  avai lable  as  a solvent, (2) not every solute  is ac- 

cessible ,  and (3) because of the presence of in te rac t ions  among the 

components of the system, These f a c t s  were confirmed by Heildelbaugh 

(1970) i n  IMF using glycerol as  a water binding agent. However, equation 

(1) can be used a s  a good estimate especial ly  i n  a simple s ingle  solute 

8 y s t em. 

(1) not 
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Table 2 shows the theoret;icardepression of water a c t i v i t y  of a s ingle  

solute  and the ac tua l  values  found f o r  s a l t ,  sucrose, and glycerol  

which have been used f o r  IMF systems. 

The general  problem i s  t o  f ind  B water binding agent t h a t  has a 

large water a c t i v i t y  lowering e f f e c t ,  i s  of low molecular weight, has 

p l a s t i c i z ing  e f f e c t s  and contr ibutes  very l i t t l e  t o  adverse f lavors .  

It can be seen from Table 2 t h a t  the  depression of Aw is a co l l i ga t ive  

property. S a l t ,  NaCl, w i l l  y ie ld  two ions on solvat ion thus twice the 

e f fec t .  Table 3 shows some addi t iona l  compounds which have been used 

or  could be used i n  lowering % f o r  XMF. Not very many compounds can 

be used i n  foods i n  grea t  quan t i t i e s  without having an adverse flavor 

e f f e c t  o r  a s l i g h t  tox ic  e f f ec t .  

but humans a re  not  a s  easy to feed very sweet meat o r  f i s h  products, 

I n  addi t ion sucrose can only reduce the  Aw t o  about 0.85 a t  sa tura t ion  

concentrations (67%), Fructose is more soluble and has a lower mole- 

cu lar  weight, but the  problem i s  then one of sweetening power. Fruc- 

tose i s  b e t t e r  than sucrose a s  i t s  molecular weight i s  less, but  t h i s  

advantage i s  somewhat off  set due t o  higher sweetening p e r e  I n  addi t ion 

i t  is a reducing sugar and may a f f e c t  chemical s t a b i l i t y  through brown- 

ing 8 

Sucrose can be put i n t o  dog food 

Another important c h a r a c t e r i s t i c  t o  look a t  i n  the water binding 

agents i s  the water a c t i v i t y  s t a b i l i z a t i o n e  

exact cont ro l  of A 

water a r e  needed t o  r a i s e  a so lu t ion  containing 100 g of sucrose Prom 

% 0.85 t o  0.90, 

It w i l l  be seen t h a t  

may not be important t o  s t a b i l i t y ,  Thus 22 g of 
W 

Solutions of glycerol  and s a l t  requi re  f a r  grea te r  

- 16- 



amounts of water f o r  the same r i s e  of water a c t i v i t y o  This steepness 

of the isotherm i n  the IMF range is  important s ince it means t h a t  the 

packaging requirement may not have t o  be very s t r ingent  since a large 

water t r ans fe r  would have t o  take place before a s ign i f i can t  change i n  

& occurs. 

2. Preparation 

Once having selected a water-binding agent, the next s tep i s  t o  

determine the method t o  introduce it in to  the food system,, 

there  a re  two methods, d i f f e r ing  primarily i n  the i n i t i a l  moisture of 

the food being used i n  the process, 

Essent ia l ly  

One method s t a r t s  with freeze-dried foods. They a r e  soaked i n  

an infusing solut ion containing the  water binding agent (Holl is  e t  a l ,  

1968, 1969), The concentration of the solut ion depends on the  desired 

l eve l  of water a c t i v i t y  of the f i n a l  product, 

dehydrated food soaked i n  a solution,whose v i scos i ty  i s  not high t o  

slow i n t e r n a l  diffusion,wil l  absorb a volume of solut ion approximately 

equal  t o  the volume of water it would normally absorb (Kaplow 1970). 

Hol l i s  e t  e l .  (1968) assumed t h a t  the addi t ives  w i l l  d i f f u s e  i n t o  the 

food t o  an extent  t h a t  the f i n a l  concentration i n  the food and in the  

solut ion w i l l  be s imi la r ,  

s t a r t  with dry ingredients  (including the water binding agents) and 

add the water t o  the food by rehumidifieation t o  the desired l eve l  of 

water  a c t i v i t y  (Heildelbaugh 1968, HeildeLbaugh and Karel 1970, and 

Labuze e t  a l ,  1970a). It should be observed t h a t  these methods 

T t  was observed tha t  a 

Another p o s s i b i l i t y  usPng t h i s  method is  t o  
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essen t i a l ly  take the food up the ~ d ~ o ~ p ~ i o n  branch of the isotherm, 

I n  the second basic  method or d i r e c t  mix procedure, a normal mois- 

t u r e  food i s  mixed or soaked with the various addi t tves  and humectants. 

I n  t h i s  method equi l ibra t ion  i n  the food is o b t a h e d  by losing water, 

therefore the desorption branch of the isotherm i s  followed, 

be seen from Figure 1 t h a t  the two methods give e n t i r e l y  d i f f e ren t  

f i n a l  moisture contents a t  the same water a c t i v i t y ,  This i s  an i m -  

portant fac tor  i n  se lec t ing  the method because more water would give 

a be t t e r  moist texture  but higher moisture content could a f f ec t  the 

storage s t a b i l i t y  of t he  IMF. 

It can 

Another possible method, a combination of the  two described 

above, cons is t s  of mixing d i f fe ren t  foods with d i f f e ren t  cha rac t e r i s t i c  

isotherms, 

sorption isotherm depending OR whether f t  gains or loses  water, 

i s  bas ica l ly  the method used f o r  most pet food W (Burgess 1965, Bone 

1968). 

desorption branch and the  cereal components go up an adsorption branch, 

Each component then follows e i the r  t he  adsorption or  de- 

This 

In these foodssfor examplesthe meat component goes down i t s  

Some examples of IMF foods e i t h e r  tes ted  or presently i n  the  consu- 

mer market are  l i s t e d  i n  Table 4. It is  possible to observe t h a t  the 

two basic preparation methods a re  f o l  owed and t h a t  sugar i s  the most 

used water  binding agent f o r  market items and glycerol  f o r  tes t  foods. 

The t heo re t i ca l  bas i s  of the phenomenon of sorption hys te res i s  

which causes the difference noted above is very involved and will not 

be discussed i n  d e t a i l  i n  this  contract ,  A recent: review has been made 



by Hurtado (1971 MeS. Thesis M.I.T.). He has shown very large d i f -  

ferences in moisture content between the two preparation methods. 

The reasons f o r  the large differences i n  moisture contents are  r a the r  

complicated and have been summarized by Adamson (1960) and Labuza 

(1968). 

f e l t  the most l i k e l y  reason f o r  the adsorption-desorption hys te res i s  

i s  due to  the ink b o t t l e  pore s t ruc ture  a s  proposed by Rao (1941)e 

Essent ia l ly  t h i s  means t h a t  i n  desorption a large portion of the  water 

In a study of model food systems, Labuza and Rutman (1968) 

i s  a t  a much higher a c t i v i t y  but does not see the vapor space. 

react ion r a t e s  would be expected t o  be qui te  d i f f e ren t  on the adsorp- 

t ion  branch although no known data am available,  

Bone (1969) and Labuza (1970a) have discussed food de ter iora t ive  

react ion mechanisms as a function of the  s t a t e  of water but have not 

eluded t o  the differences t h a t  might occur according t o  the method of 

preparation. 

Thus 

Labuza et el.  (1970a), 

3. Storage S t a b i l i t y  

The storage s t a b i l i t y  of IMF, due t o  the range of water a c t i v i t y  

(0.6 - 0.8) i n  which they are contained, is  r e l a t ed  t o  such problems 

as spoilage by microorganisms, enzymatic react ions and non-enzymatic 

chemical react ions i.e. browning and l i p i d  oxidation. 

i s  shown a general  "map" of e f f e c t s  of water a c t i v i t y  on the d i f f e ren t  

food de ter iora t ion  problems (Labuza 1970a). 

I n  Figure 2 

a . Microbiological 

Very l i t t l e  data a re  avai lable  a s  t o  the e f f ec t  of processing 
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on v i a b i l i t y  of microorganisms i n  intermediate moisture foods. 

several  s tudies  have been made which have significance i n  terms of 

growth and destruct ion of microorganisms under the processing stress 

of lower water ac t iv i ty .  

However, 

It has been well  established t h a t  i n  food processing wet heat 

k i l l s  spores and vegetative cel ls  f a s t e r  than dry heat (Scott, 1957). 

However, l i t t l e  data have been collected fo r  intermediate moisture values 

end the ef fec ts .a f  humectants on ce l l  v i ab i l i t y ,  

showed f o r  example tha t  the D value (time t o  destroy 90% of the popu- 

la t ion)  decreased with increasing moisture content up t o  10% moisture 

for  dry milk chocolate, but no attempt was made t o  cor re la te  t h i s  with 

water ac t iv i ty .  Goefert e t  a l e  (1970) found t h a t  a t  constant water 

ac t iv i ty  (4, = 0.96) ,  and using d i f f e ren t  sugars t o  achieve t h i s  level ,  

the D value varied by one log cycle depending on the sugar. 

only is both water  a c t i v i t y  and osmotic pressure important but probably 

composition of the system. 

Bar r i l e  e t  ale (1970) 

Thus not 

I n  preparing an IMF food by the d i r e c t  mix procedure the organisms 

present suffer  several  stresses. F i r s t  the osmotic gradient w i l l  cause 

the c e l l s  t o  lose c e l l  water i n  order t o  equi l ibra te  with the surround- 

ing water. 

w a l l .  Simultaneously the s a l t s  i n  the  ce l l  sap a re  being concentrated 

and may a f f e c t  ce l l  s t a b i l i t y  (Merryman, 1970). Lastly,  i n  any normal 

process the food w i l l  be subjected t o  a heating process so tha t  the 

D value must be known as a function of water a c t i v i t y  i n  order t o  pre- 

d i c t  the heat  treatment necessary f o r  a low viable  countr 

This i n  turn can cause the  c e l l  t o  shrink and break i t s  ce l l  

Many confusing r e s u l t s  a r e  present i n  the l i t e r a tu re .  Hoffman 

e t  a l .  (1968) found t h a t  f o r  many bac ter ia  spores, although res i s tance  



t o  thermal death increases with decreasing r e l a t i v e  humidity, ce r t a in  

select ive media could reverse this , ,  Goepfert e t  al,, (1970) found t h a t  

fo r  pathogenic organisms the res i s tance  a l so  increased with decreasing 

humidity and tha t  the amount of res i s tance  was a strong function of 

media, I n  the most comprehensive work Murre11 and Scot t  (1966) showed 

tha t ,  for  spores a t  l e a s t ,  a s  the  Aw is  decreased from uni ty  resis tance 

goes t o  a maximum and then f a l l s  again but is s t i l l  larger  a t  A, = 0 

than a t  Aw = 1. 

moisture range. Thus intermediate moisture food should be heat t rea ted  

f o r  c e l l  destruct ion p r io r  t o  mixing t o  achieve the desired water 

ac t iv i ty .  

This maximum i n  f a c t  seems to  occur i n  the intermediate 

This would minimize the heat  treatment needed. 

For intermediate moisture foods prepared by the adsorption process 

some information i s  necessary a s  t o  the e f f e c t  of drying on cells. 

l i t t l e  data  areavailable but some general izat ions can be made. For 

air-dried-products drying usually 2-4 log cycles of k i l l  r e su l t s .  

continuous processes, such a s  drum drying and spray drying, 3-5 log 

cycles a re  possible depending on the conditions used. (Labuza e t  a l .  

1970b, 1970c, 1970d; O'Connor e t  a l .  1969; Sieburth and Jensen 1967). 

Thus if one s t a r t s  with r e l a t ive ly  clean food components the  amount of 

cel ls  per gram of food a t  mixing should be small. 

components puts addi t ional  stresses on organisms and t h e i r  survival  is 

very species dependent, 

molds being most r e s i s t a n t  (Bennedict e t  e l .  1958; Heckley 1961; Mazur 

and Schmidt 1968; Rose 1970; Vanderzant and Suarez 1967). 

Very 

I n  

Freeze drying of food 

K i l l  w i l l  vary between 1-5 log cycles with 

One major 
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factor i s  the e f f ec t  of the  r a t e  of freezing, which has a strong e f f ec t  

on cell v i a b i l i t y  (Mazur 1963a, 1963b, 1965, 1966). This i s  due t o  the 

concentration of solutes  outside the cel l ,  as i n  the  preparation of in- 

termediate moisture foods, which causes the cells t o  lose water and de- 

hydrate, 

t a l  t o  c e l l  v i a b i l i t y  with intermediate r a t e s  giving the best  survival. 

In  general both very f a s t  and very slow freezing are  detrimen- 

Several workers have studied survival  of c e l l s  during storage of 

freeze dried foods up i n t o  the intermediate moisture range (Chipley 

and May 1968; Silverman andmldbl i th  1965; Saleh and Goldblith 1966; 

Sinskey and Silverman 1970). 

are humidified t o  high r e l a t i v e  humidity c e l l  v i a b i l i t y  decreases 

rapidly.  This i s  qui te  important from the standpoint of intermediate 

moisture foods, as t h i s  gives evidence t h a t  the c e l l s  a re  l e s s  resis- 

tan t  on the adsorption branch of the isotherm, Sinskey and Silverman 

(1970) a t t r i b u t e  t h i s  t o  lack of a b i l i t y  t o  repa i r  dehydration damage 

as  well  as t o  possible chemical reac t ions  causing death, 

they find 4-5 log cycles destruct ion occurs i n  10-20 days, 

of storage s t a b i l i t y  of IMF from Figure 2 it can be seen tha t  de- 

creasing the water a c t i v i t y  from l, the f i r s t  problem evidenced is  

microbiological spoilage. 

a ra ther  small but cha rac t e r i s t i c  range of water a c t i v i t y  values. 

Each kind of organism apparently has i t s  cha rac t e r i s t i c  optimum water 

ac t iv i ty  a t  which it grows best. 

l eve l  there i s  an increase i n  the lag o r  l a t en t  period, a decrease i n  

In  general f o r  f reeze dried foods which 

A t  45 = 0.75 

I n  terms 

The growth of microorganisms is  limited t o  

As 45 is reduced below an optimum 
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the! r a t e  of growth, and a decrease in the amount of ce l l  substance 

synthetized. These e f f e c t s  are  similar t o  those lowering temperature 

from the optimum, 

ture  for the determination of the lower l i m i t s  of water a c t i v i t y  a t  

which growth can occur f o r  various kinds of microorganisms. 

Several  s tudies  and reviews a re  present i n  the l i t e r a -  

(Mossel 

and Ingram, 1955; Chris t ian 1963, Scot t  1957). Bone (1969) summarszed 

studies,  as shown i n  Table 5 ,  where the approximate lower l i m i t s  of 

water a c t i v i t y  f o r  each kind of micraorganismaretabulated. 

there are some var ia t ions  of these values with nu t r i en t s  (Snow e t  a l .  

1944), temperature (Scarr 1951), oxygen (Scott 1953), pH (Schelhorn 

1951) and other factors .  Thus f o r  spec i f ic  food systems experiments 

have t o  be made t o  determine the optimum value to  prevent the  growth 

of microorganisms. Another possible factor  influencing the water a c t i v i t y  

growth minimum could be the method u t i l i z e d  to  get t o  the f i n a l  ac t iv i ty ,  

i.e. whether the desorption o r  adsorption branch of the hys te res i s  loop 

is followed. 

used i n  microbiological s tud ies  t o  prepare the systems, decreasing the 

A with water binding agents i n  l iqu id  systems (desorption) and rehumidi- 

fying the  food (adsorption). Although differences i n  lower values of 

45 f o r  growth of microorganisms i n  so l id s  and l i qu ids  systems have 

been reported (Scott 1957), it is not possible t o  make comparisons, 

due to differences i n  the composition of the systems u t i l i zed ,  

I n  general 

According t o  the above l i t e r a t u r e  both ways have been 

W 

The only study on ac tua l  s t a b i l i t y  of microorganisms i n  in te r -  

mediate moisture foods i s  the work of Hol l i s  e t  a l .  (1968, 1969). 
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They found tha t  for foods prepared by a d i r e c t  mix (e i ther  cook- 

soak procedure o r  soaking freeze-dried i n  an excess of l iqu id ,  both 

w i t h  added sorbate) t o  45 = 0.75 t o  0.8, i n i t i a l  mold counts were l e s s  

than 10 per gram. 

10 per gram. 

and a l l  t o t a l  p l a t e  counts were less than 60 per gram, 

After four months the  number was a lso  l e s s  than 

Yeast increased t o  400 per gram i n  beef stew (Aw = 0.76) 

No attempt was 

made t o  co r re l a t e  these data with 45 o r  food type, I n  Phase I1 of 

the work (Holl is  e t  a l ,  1969) a l l  foods were prepared by t he  cook- 

soak procedure, Again molds and yeast  were examined fo r  and found 

t o  be l e s s  than 10 per  gram a t  zero t i m e ,  pne month and four  months, 

Total  counts were much higher, however, ranging i n i t i a l l y  up t o  1-2 x 

10 

which remained s t ab le  (Aw = 0.83). 

most l i k e l y  tha t  organisms were not growing a t  these water a c t i v i t i e s  

but were damaged. 

t ransfer red  in to  media f o r  p l a t e  counts. This could be due t o  the  f a c t  

t h a t  potassium sorbate was added t o  a l l  systems and then d i lu t ed  out i n  

plat ing,  allowing growth t o  occur. 

3 per gram but decreasing by 50 t o  90% i n  s torage except for cheese, 

It should be noted t h a t  i t  is 

Some of them are  able  t o  s t a r t  growing again when 

I n  an inoculation study by Ho l l i s  e t  a l .  (1969) using pathogens 

= 0-85)  the  following was found. 

Staph. aureus decreased by one log cycle i n  one month and by 

more than 5 log cycles  i n  4 months. 

g. col(,Salmonella and CJ. perfr ingens decressed by more than 

3 log cycles  i n  4 months. , 

'A" 
i n  a chicken a l a  king casserole  

(1) 

(2) 
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Similar r e s u l t s  were found f o r  a ham i n  cream sauce casserole  

(A = 0.85) ,  

not able t o  grow a t  these humidities and i n  the  presence of sorbate. 

These r e s u l t s  a l so  ind ica te  t h a t  the organisms are  
W 

In the  above discussed work no data  axe avai lable  on the  same 

food prepared by both desorption and adsorption methods and without 

growth inh ib i tors ,  

on the adsorption branch than on the desorption branch. 

be due t o  the lower water content avai lable  f o r  growth on the adsorp- 

t i on  side. 

t o  a higher moisture value and have a safer  food product, 

b. Enzymatic Reactions 

I n  r e l a t i o n  t o  the s t a b i l i t y  map (Figure 2) the  other  important 

The l i t e r a t u r e  suggests t ha t  death w i l l  be f a s t e r  

This could 

A manufacturer could thus prepare a food by humidification 

biochemical de t e r io ra t ive  process is enzymatic ac t iv i ty .  

been found t o  have a grea t  range of reac t ion  i n  r e l a t i o n  t o  the moisture 

content of a food, 

ure content,  has been observed by Lea (1943), and Acker (1969). 

Acker (1963) showed t h a t  the  enzymatic reac t ion  is  accelerated i n  the 

region of intermediate moisture leve ls ,  Acker (1969), working with a 

hydro l f t ic  enzyme, found t h a t  a s  moisture content increases,  the r a t e  

and extent  of the enzymatic react ion increases. 

water not only permits more diffusion,  but i s  ac t ing  a s  a solvent 

capable of dissolving the necessary reactants .  

i s  possible t o  conclude t h a t  enzymes can play an important r o l e  i n  

the de te r iora t ion  of IMF, therefore  enzymes w i l l  have t o  be inact ivated 

Enzymes have 

Act ivi ty  even below the monolayer value of moist- 

This i s  because the 

Fromathese s tudies  i t  
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far proper s t a b i l i t y  of TMF, However with ce r t a in  food items because 

of nutr ient  degradation heat treatment may not be possible, SO t h a t  a 

knowledge of react ion r a t e  a s  a function of 

r a t ion  i s  important. 

a s  well a s  method of prepa- 

c, Non-Enzymatic Browning 

From Figure 2 it i s  possible t o  observe t h a t  itl the  intermediate 

moisture range non-enzymatic chemical modes of deter iora t ion  can pre- 

dominate i ,e,  non-enzymatic browning and l i p i d  oxidation, 

If the storage s t a b i l i t y  of IMF i n  terms of the above de ter iora t ive  

chemical react ions has t o  be described, some knowledge of the role of 

water i s  necessary, Water i n  these react ions has a multiple role: 

- Water a c t s  as a solvent permitting the d i lu t ion  and mobilization of 

reactants ,  a s  w e l l  as the diffusion of reac tan ts  end products (Duckworth 

and Smith, 1963) . 
- Water may ac t  as a reactant  par t ic ipa t ing  i n  spec i f ic  react ions 

(Schobell e t  a f ,  , 1969) , 

- Water may modify propert ies  of reac tan ts  by hydration (Maloney e t  al.,  

1966; Labuza e t  al., 1966; and Karel et al . ,  1967). 

Non-enzymatic browning involves the react ions between carbonyl and 

amino compounds, r e su l t i ng  i n  an objectionable brown color, off-flavors,  

and loss  of proteins. 

a s  humidity increases up t o  a maximum i n  the intermediate range a f t e r  

which it decreases again (Lea 1958, Labuza 1970a). 

This react ion shows (Figure 2) an increased r a t e  

An important type of browning react ion,  i re .  the Mallaird Reaction 
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which occurs between carbonyls and amino groups could ptedominate i n  

IM Foods. 

water a c t i v i t y  in to  the intermediate moisture range a re  sugars which 

have reducing carbonyl ac t iv i ty .  

be avoided i n  manufacture of IMF, However even non-reducing sugars 

such a s  sucrose can cause problems due t o  acid hydrolysis, Schobell 

This i s  because many humectants t h a t  would be used t o  lower 

These sugars most l i k e l y  w i l l  have t o  

e t  a l .  (1969) has studied the r a t e  of sucrose hydrolysis and Karel and 

Labuza (1968) have shown how t h i s  reac t ion  caused browning i n  pro te in  

sy 8 terns, 

As explained above, the r a t e  of non-enzymatic browning increases  

a s  moisture content i s  increased. This i s  because water, ac t ing  a s  a 

solvent, increases  d i f fus ion  and d iso lu t ion  of reac tan ts ,  The value 

of water a c t i v i t y  i n  which t h i s  maximum i s  observed depends on the  

composition of the  systems and how water a c t i v f t y  was depressed (by 

drying, addi t ion of s a l t  or glycerol  o r  other  water binding agents), 

The reason of the  decrease of the r a t e  of browning a f t e r  this maximum 

fs not c l ea r ,  Loncin e t  a l .  (1968) explained t h a t  t h i s  decrease i n  the 

r a t e  of browning i s  due t o  the f a c t  t h a t  water, produced i n  the reac- 

t i on ,  increases moisture content and produces product inhibi t ion.  

Recently Eichner (unpublished MIT 1971) has  confirmed the  inhibi-  

to ry  e f f e c t  of water i n  l iquid systems undergoing browning. 

t h a t  the presence of water slowed the ra te .  

for  dry foods however does mot occur u n t i l  the  moisture content reaches 

a ce r t a in  leve l ,  i n  which the e f f e c t  of water by increasing diffusion 

and so lubi l iza t ion  of more reac tan ts  i s  diminished by product inh ib i t ion  

or by the d i lu t ion  of the  reactants ,  Since by the laws of mass action, 

t he  r a t e  of reac t ion  i s  proportional t o  concentration, a decrease i n  

He found 

The observed maximum i n  r a t e  
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concentration by d i lu t ion  with water w i l l  a l so  decrease the  r a t e  (Labuza 

1970a). 

Because of the multiple e f f ec t  of water an in t e re s t ing  question 

Since i n  d i r e c t  mixed systems the moisture content is  may be asked. 

higher (desorption branch) than i n  dry systems obtained by rehumidiki- 

cation (adsorption), product inh ib i t ion  or d i lu t ion  might preva i l  so 

tha t  browning should occur a t  a slower r a t e ,  

d ,  Lipid Oxidation 

Lipid oxidation involves the reaction of oxygen with unsaturated 

f a t t y  ac ids  by means of a f r ee  r ad ica l  mechanism, catalyzed by metals, 

resu l t ing  i n  rancidi ty ,  off-odors and off-f lavors  (Lundberg 1961, and 

Schultz e t  a l e ,  19621, Besides, i t  can produce free r ad ica l s  t h a t  can 

reac t  with proteins  t o  reduce solubi i t y  and biological  value (Andrews 

e t  all,, 1965) ,  and destroy l ipid-soluble vitamins i n  foods, Unsaturated 

carbonyls formed i n  the f r e e  r ad ica l  mechanism can a l so  d i r e c t l y  r eac t  

a t  the proper moisture content i n  the nsn-enzymatic browning pathway 

(Martinez and Labuza, 1968; Le Roux e t  a l e s  1969), 

I n  the case of l i p i d  oxidation the influence of water a l so  c rea tes  

a very complicated s i tuat ion.  A t  low values of water a c t i v i t i e s  the 

water exe r t s  an antioxidant property, TP: i n h i b i t s  l i p id  oxidation by 

tying up hydroperoxides and preventing t h e i r  decomposition t o  f r e e  

rad ica ls  or by hydrating metal ca t a lys t s  (Labuza e t  a l e ,  1966) making 

them less af fec t ive .  Another reaso 

may be tha t  it promotes r ad ica l  recombination, The antioxidant behavior 

of water is a lso  evident i n  protection of oxidation sens i t ive  pigment 

of salmon (Martinez and Labuza ,1968) e 

for the  protect ive effect  of water 



However, when the water a c t i v i t y  i s  increased in to  the intermediate mois- 

t u r e  range, water may promote oxidation, 

s ign i f icant  i n  the  presence of ca t a lys t s  a t  concentrations exceeding 

100 ppm i n  the system. It i s  believed tha t  so lubi l iza t ion  and mobili- 

zation of these ca ta lys t s ,  counteracts and overshadows the antioxidant 

e f f ec t  of water (Labuza e t  a l , ,  1971; Heildelbaugh, 1970). Labuza 

e t  a l e  (1971) working with model systems based on protein (casein), 

studied the development of peroxides i n  the intermediate -moisture range. 

They found as the water a c t i v i t y  increases from 0,6 t o  0.75, the  moisture 

content more than doubles, from 11 t o  24 g/100 g sol ids ,  and the r a t e  of 

oxidation f a l l s .  It is possible tha t ,  as i n  non-enzymatic browning, the 

addition of water d i l u t e s  the metal concentration, and the react ion thus 

becomes diffusion-limiting, 

This effect is especial ly  

I n  summary f o r  the two react ions of non-enzymatic browning and l i p i d  

oxidation, there e x i s t s  a r a t e  promoting l eve l  of water a c t i v i t y  for each 

one, tha t  i n  most cases i s  not located a t  the  same water ac t iv i ty .  Be- 

cause foods are  complex mixtures of l i p ids ,  carbohydrates, proteins,  

metals, and water, i t  is very d i f f i c u l t  t o  predict  the extent and r a t e  of 

deter iorat ion as a function of water content, especial ly  i n  the intermediate 

moisture range. 

as indicated i n  model system studies,  

e f fec t  of the method of depressing the water ac t iv i ty ,  by rehumidiffcation 

of by d i r ec t  mixing which would give d i f fe ren t  values of moisture content 
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Another complicating fac tor  i s  the 



a t  the same water  ac t iv i ty ,  a f fec t ing  the location of t h i s  optimum level.  

Therefore the complexity of IPlF requires pa r t i cu la r  caution i n  predicting 

storage behavior. However, an understanding of the  pa t te rn  of react ions 

and of t h e i r  response t o  A , w i l l  allow improvement i n  design of storage 

s tudies  and accelerated tests. 
W 

11. IMF SYSTEM PREPARATION 

A. Basic Food Systems Method 

Overall  the method used was to  take a semi-solid food ( i n  general a 

commercial baby food was used) and add t o  it enough glycerol t o  lower the  

water a c t i v i t y  t o  the desired level. To weighed port ions of this  the 

various addi t ives  were added and then the port ions were divided in to  3 oz 

screw cap storage j a r s .  About 5-6 grams were placed i n  each j a r ,  The 

samples up to  t h i s  point comprise the  d i r e c t  mix procedure, i.e, the de- 

sorption process. To obtain the adsorption samples, one half the j a r s  

from each treatment were then frozen, freeze dried,  and then rehumidified 

back t o  the same water ac t iv i ty .  These were then placed i n  storage 

(about 3 days later)  with the d i r ec t  mixed systems usually a t  37"C, 

Samples were then taken per iodical ly  f o r  tes t ing ,  

1, Direct Mixing (Desorption Process) 

The food was removed from the j a r s  a s  purchased, and combined in 

a Waring Blendor jar .  To t h i s  the various addi t ives  such a s  glycerol,  

ce l lu lose ,  antioxidants (dissolved i n  1 ml ethanol) and sorbic acid o r  
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propionate were added. 

The samples were then transfered i n t o  the storage f lasks ;  e i the r  

This was then blended f o r  10 min, cooling with ice. 

(1) tared Warburg f l a sks  

(2) 50 Erlenmeyer f l a sks  

(3) o r  3 02. screw cap b o t t l e s  

and the weight was recorded. 

desired temperature, usual ly  37°C. 

is referred t o  a s  the desorption method o r  the d i r e c t  m i x  method. 

Samples were then placed i n  storage a t  the  

I n  the r e s u l t s  section t h i s  procedure 

2. Freeze-Dry-Rehumidification Method (Adsorption Process) 

The samples were mixed and weighed a s  above and then were frozen a t  

-40°C f o r  5 hours. 

fo r  48 hours. The vacuum was broken with nitrogen and the samples were 

rehumidified t o  the o r ig ina l  water a c t i v i t y  of the  d i r ec t  mix system by 

using desiccators  containing the appropriate s a l t  solut ions (see NAS 

9-9426). Humidification was carr ied out f o r  18-24 hours and then the sam- 

ples  were removed, capped and placed i n  storage a t  the desired temperature. 

Zero time f o r  these samples was taken a s  the  t i m e  out of the  humidifica- 

t i on  process. 

adsorption method, the freeze-dried method or the  freeze-dried rehumidified 

method . 

The samples were then freeze-dried a t  80"F, and 100 pHg 

I n  the r e s u l t s  sect ion t h i s  method i s  referred t o  as  the  

B. Moisture Content 

Moisture content of a l l  sample treatments was measured by the vacuum 

Duplicate samples were placed i n  a vacuum oven a t  29" Hg oven procedure. 

and 7OoC f o r  24 hours. 

content . 
The weight change was recorded as the moisture 
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C, Fat Content 

The fa t  content of each system was measured using the extract ion pro- 

cedure f o r  peroxide determination. 

test methods section. 

The method i s  outlined i n  the s t a b i l i t y  

D. Water Act ivi ty  Measurement 

In  order to  measure the equilibrium vapor pressure o r  water a c t i v i t y  

of the food the apparatus described by Karel and Nickerson (1964) and Karel 

and Labuza (1967b) i s  used. Essent ia l ly  t h i s  cons is t s  of a system i n  which 

the sample a t  37OC i n  a f l a s k  i s  evacuated f o r  2 minutes t o  remove a i r  

and then connected t o  a sens i t ive  o i l  manometer to  measure the vapor 

pressure of water i n  equilibrium with the sample, 

i s  needed t o  reach equilibrium. 

ment was used (Hygrodynamics Electric Hygrometer). 

Approximately fhour 

In some cases  a d i r e c t  reading instru-  

E. Determination of Glycerol Level f o r  Con t ro l  of Water Act ivi ty  

I n  t h i s  study glycerol  was used a s  the so le  humectant. Figure 3 

shows the vapor pressure lowering e f f e c t  of glycerol  i n  water (Miner 1953, 

Newman 1968). 

by weight of water t o  reduce the a c t i v i t y  t o  a level of 0.8 t o  0.65. 

a food however other  soluble so l id s  a s  w e l l  as e f f e c t s  of s t ruc tu ra l  ele- 

ments a l so  help t o  lower the vapor pressure (Labuza, 1970a). Thus less 

glycerol w i l l  be needed, however i n  foods of very l o w  soluble so l ids  content 

conversion i n t o  an IMF by t h i s  method w i l l  require  tha t  glycerol  comprises 

about 60-80% of the t o t a l  sol ids .  

s t ructure  t o  it . 

It can be seen tha t  glycerol  i s  needed a t  about 50 t o  70% 

I n  

This type of product w i l l  have very l i t t l e  
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Basically t o  determine the desired humectant content, glycerol was 

added to each l iquid food system i n  d i f f e ren t  r a t i o s  and the water a c t i v i t y  

was determined by the above method, 

termined f o r  the various direct mixed IMF systems prepared using the semi- 

sol id  foods a s  a s t a r t i ng  point. 

subsequently, 

used fo r  most of the studies. 

isotherms for  each of the food systems, It can be seen tha t  i n  each case 

a t  a given water a c t i v i t y  the direct-mixed (desorption) system has about 

double the moisture content. 

k ine t ics  a t  the same water a c t i v i t y  and so l ids  composition, but very d i f -  

ferent  moisture contents, The glycerol leve ls  used t o  a c h m  the  desired 

water a c t i v i t i e s  fo r  each run are  l i s t e d  i n  Table 7 f o r  the chemical s t a b i l i -  

t y  t e s t s  and i n  Table 8 €or the microbiological storage tests. 

Sorbate was added t o  most of the  chemical s t a b i l i t y  t e s t  systems t o  pre- 

vent microbial growth, 

Figures 4 and 5 show the curves de- 

The diced chicken system w i l l  be described 

Table 6 l i s t s  the composition of t he  o r ig ina l  semi-solid foods 

In  Figures 6-8 a re  presented the pseudo- 

Thus t h i s  allows the  study of react ion 

Potassium 

F, Special  Test Systems Preparation: Chemical Stud.les 

RUN 2 

In  Run 2 glycerol and microcrystall ine ce l lu lose  (AVICELR) were mixed 

- 

w i t h  Gerbers Beby Food Chicken in several  batches a s  l i s t e d  i n  Table 9 ,  

Both c i t r i c  acid and butylated hydroxy amisole (BHA) were tes ted  as ant i -  

oxidants, Each o f  these systems were freeze-dried and rehumidified t o  several  

levels.  Oxidation was followed by several  techniques, 
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RUN 11 

In  Run 11 the cook-soak procedure of Hollis et  a l .  (1969) was used t o  

_.1_L 

prepare chicken t o  various water ac t iv i t i e s .  

10) was t o  cut f r e sh  raw chicken i n t o  1/2 t o  1 inch dice,  and soak i n  solutions 

adjusted t o  water ac t iv i t i e s  of Aw = 0.61, 0.75 and 0.85. 

The procedure (outlined i n  Table 

The mixture wa8 heated 

t o  96 t o  99"C, held f o r  15 min and then l e f t  overnight t o  soak i n  a re- 

f r igera tor .  One half  of these 

were then frozen a t  -30°C f o r  5 hrs  and freeze-dried f o r  48 hrs a t  100 pHg 

and 80°F platen temperature, 

water a c t i v i t i e s  of the soaked samples. 

The dice were then removed and patted dry, 

They were then rehumidified t o  the various 

RUN 12 - Enzyme Study 

A model system study consisting of ce l lu lose  a s  a base with corn o i l ,  

glycerol, water and the enzyme l ipase  was made t o  invest igate  the  e f f ec t  of 

sorption hys te res i s  on enzyme reac t iv i ty .  

of the systems used. 

beaker, hand mixed, glycerol and the enzyme i n  solut ion were added and 

blended with the r e s t  of the water by hand (10-15 min). This was then 

divided and one half  was freeze-dried and humidified a s  individual samples 

as i n  previous s tudies ,  

and tes ted  per iodical ly  f o r  f r e e  f a t t y  acid production. 

RUN 13 - Peroxides i n  Commercial IMF Pet Foods 

A n  IMF dog and ca t  food was purchased from a loca l  supermarket. 

Table 11 contains the compositions 

Basically the o i l  was added t o  the cel lulose i n  a 

Six gram samples were used and stored a t  37°C 

The 

Five gram samples were held a t  37OC i n  composition i s  shown i n  Table 12 ,  



capped jars and tested f o r  rancidi ty  by determination of peroxides. 

extent of browning i n  the extracted residue was a l so  being measured. 

addition samples of each were freeze-dried and rehumidified t o  the  o r i -  

g ina l  water a c t i v i t y  f o r  comparison of the r a t e s  of deter iorat ion.  

The 

In 

G. Special Test Systems: Microbiological Studies 

Most systems f o r  microbiological s tud ies  were prepared i n  the same 

Addition of microorganisms t o  the test  manner as  fo r  chemical studies,  

systems was made i n  several  ways a s  w i l l  be explained i n  the  methods sec- 

tion. Several special  systems were prepared a s  follows: 

RUN 2M - Infusion of Freeze-Dried Chicken System 

Table 8 contains the composition of the infusion chicken system. In  

t h i s  case 10 g samples of freeze-dried chicken were mixed with exactly 3 

grams of l i q u i d  per gram of chicken t o  give the  desired water a c t i v i t i e s .  

This i s  d i f f e ren t  from the soak infusion procedure of Run 11, which uses 

f resh  chicken. About lo3 mold spores per gram chicken were added i n  the 

solution. One half  of each batch was freeze-dried and rehumidified before 

storage a t  37'C, determined i n  the 

same manner a s  described above and 

The water a c t i v i t y  of the systems wSS 

i s  represented i n  Figures 4 and 8. 

RUN 8M - Laboratory Dog Food System I 

I n  Run 8M a study of a few d i f f e ren t  humectants was made i n  anactual  

dog food mixture. The compositions used a re  shown i n  Table 13. The pro- 

cedure used was t o  combine i n  a blendor j a r  the  dry ingredients,  add i n  

the l iquid ingredients and mix. 

and added in ,  blending for 3 min. 

The hamburger was f r i e d  till brown ( 5  min) 

3 Then 10 mold spores per gram i n  1 m l  
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water Were added followed by blending f o r  an addi t ional  5 mine 

were then t r ans f - a l to  storage a t  37°C a f t e r  weighing IO g samples i n  

3 oz,bot t les  and capping, 

These 

__I_ RUN 9M - Laboratory Dog Food System TI 

I n  order t o  g e t  samples of higher water a c t i v i t y  the composition of 

proteins  and meat was changed i n  Run 9M t o  t h a t  shown i n  Table 13. 

procedure used was the same as f o r  Run 8M, 

The 

111, STABILITY TEST PIETHODS 

A. Test Procedures f o r  Oxidation 

1. Manometric Determination of Oxygen Absorption 

Samples ( in  t r i p l i c a t e  or duplicate)  of the IMF' system were prepared 

fo r  oxidation s tudies  by weighing d i r ec t ly  i n t o  30 m l  Warburg manometer 

f lasks .  These were special ly  made without t he  standard s ide arms and cen- 

ter well. 

meters containing Apiezon B o i l  (J. G. Biddle, Philadelphia, Pa,) a s  t he  

manometer f lu id ,  

A thermal barometer, consis t ing of an empty flask attached t o  a manometer, 

was a l so  placed i n  the bath t o  account f o r  atmospheric pressure changes. 

The oxygen absorbed by each sample was then measured over a period of up 

t o  4 weeks by measuring the change i n  pressure across the manometer, 

method of Umbreit e t  a l , ,  1964 was used t o  ca lcu la te  oxygen uptake, 

Essent ia l ly ,  t h i s  cons is t s  of the following calculations:  

After preparation, the f l a s k s  were individually attached t o  mano- 

These were then placed in water baths a t  37°C and closed, 

The 

= k f = T , ~ ~ x V x 1 0 3  v l  02 absorbed (STP) 
A mm manometer reading T l  Po 
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kf = f l a s k  constant i n  p,l oxygen 

To = 273°K 

Tl = run temperature, 310'K 

Po = 1 arm, of manometer f l u i d  = 11,880 mm oil 

V = f l a sk  and manometer volume Beso t he  sample volume 

er AIWI of manometer change 

The model system sample volume was measured on representat ive samples 

using a Beckman Model 930 A i r  Comparison Pycnometer t o  give the average 

sample dens i t i e s ,  

placement, The f l a s k  consltanrt is then multip ied by the  corrected mano- 

meter change (corrected f o r  ambient pressure changes a s  measured by the  

thermal barometer) f o r ' e a c h  t i m e  period aver which a measurement is made 

and these changes a re  summed up and divided by the  l i p i d  weight o r  the 

s o l i d s  weight so t h a t  a comparison between samples can be made, 

method measures only toea1  oxygen absorbed, so i t  does not cor rec t  for 

oxidation of components other  than the  l i p i d  or  production of gases such 

as  C02 during non-enzymatic browning (Cole, 1967) 

The f l a s k  and manometer volumes measured by mercury d is -  

This 

2, 

Representative samples of t he  ICMF systems containing between 0.1 t o  

0.25 g l i p i d  were weighed i n t o  a 125 m l  Erlenmeyer f l a s k  and 40 cc of chloro- 

form: 

a f t e r  f lush ing  with nitrogen, and t h e i  contents  f i l t e r e d  under vacuum, 

methanol (3:l v/v), were added; the f asks shaken f o r  f hour 

on a 55 mm. Buchner funnel using 48 m a  of solvent to wash the  residue, 

The f i l t r a t e  was co l lec ted  i n t o  a ta red  125 mB f l a s k  (with a 24/40 ground 

g la s s  j o i n t )  and the  solvent was evaporated for 40 min on a r o t a r y  vacuum 
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evaporator. 

The residue remaining on the Buchner funnel was saved f o r  determination Qf the ex- 

ten t  of nonenzymatic browning, 

The weight of l i p i d  was then calculated by weighing the f lask.  

The l i p i d  i n  the f l a sk  was dissolved with 10 m l .  of a mixture of 

chloroform (3:2). g l ac i a l  ace t ic  acid:  

potassium iodide (saturated solution) was added and a f t e r  exactly 2 min, 

15 ml d i s t i l l e d  water were added t o  stop the reaction. The mixture i s  

The 0.5 m l  o f  f resh ly  prepared 

then t i t r a t e d  with 0,Ol N Na2S203 using 1 ml 5% starch solut ion a s  an 

indicator.  The th iosu l fa te  i s  standardized per iodical ly  against  potassium 

dichromate. The peroxide value i s  calculated as: 

pv = meq 02 = ( m l  Na2S203) (Normality Na2S2O3) x 1000 
Kg f a t  grams f a t  

3. Sniff Test 

The IMF samples f o r  oxidation s tudies  were smelled da i ly  by a t  l e a s t  

2 persons to  determine the onset of rancidi ty ,  This was evidenced by a 

s ta le ,  painty, o r  hay l i k e  odor, which occurs near the end of the  induction 

period. 

4. Carotenoid Procedure 

a. Carrots 

Samples prepared t o  5 , O  ,+ 0.1 g were extracted with 60 r n l  of 1:1 

acetone: hexane (3 portions of 20 m l  each f o r  5 hour on a ro ta ry  shaker) 

d i r ec t ly  i n  the storage bo t t l e  (3 oz. screw cap). The op t i ca l  density a t  

450 m(l was then reported as the carotenoid index, since measurements a t  

other wave lengths were extremely low and var iable ,  
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b. Sweet Potatoes 

The same procedure a s  above was used except: 

(1) 

(2) 1:l (v/v) hexane: chloroform was used as the  solvent. The 

6 gram samples were used 

absorption curve is  shown i n  Figure 9.  

(3)  The carotenoid index i s  reported a s  

INDEX b: E 
(g dry food so l ids )  OD350 

5 ,  Polymerization (Browning) i n  Lipid Phase 

An al iquot  of the  ex t rac t  made above for the peroxide value determination 

was read on a Hitachi  spectrophotometer a t  420 q ~ .  Browning was reported 

as:  

OD42O x w t .  solvent 
t o t a l  w t .  sample so l id s  x Psofvent 

Bo = 

R, Non-Enzymatic Browning Procedures 

Method A, Aqueous Extraction 

To the  sample from storage,  30 m l  of water are added and the  eample i s  

shaken f o r  1 h r  a t  room temperature. 

Buchner funnel and the f i l t r a t e  collected.  

18000 rpm and the o p t i c a l  density is measured a t  420 mp. 

a l l y  high i n  f a t ,  i t  is f i r s t  extracted with 30 m l  of 3:l CCHCZ :MeOH (v/v) 

and a representat ive sample (0.3-0.5 g ) i s  taken . 
with centr i fuging with many model systems and food samples, the solut ion 

contains a dispersed phase which causes e r r o r s  i n  the r e s u l t s ,  

The sample i s  f i l t e r e d  on a vacuum 

This is centrifuged fo r  20 min a t  

I f  the  sample i s  i n i t i -  

3 
It should be noted tha t  even 
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Method B. (Trypsin Method) 

Weigh out 2.0 8 samples. 

Add 20 m l  of d t s t i l l e d  H20 and 2.5 m l  of  f resh ly  prepared 10% 

(1) 

(2) 

t rypsin solution. Prepare a blank also.  

(3) Incubate samples f o r  1 hour a t  45°C. 

( 4 )  Add 2 ml of 50% TCA so lu t ion  and 0.1 g of Cel i t e  f i l t e r  aid. 

( 5 )  F i l t e r  the  samples through No. 576 Whatman f i l t e r  paper and cen- 

t r i fuge  a s  above i f  necessary. 

( 6 )  Read o p t i c a l  densi ty  a t  450 mp. 

OD45o x 100 B.U. = 
gms so l id s  

Method C. Pronase Procedure 

To the  sample in t he  storage b o t t l e  30 m l  of water was added along w i t h  

20 rng pronase enzyme, 

sodium hydroxide (about 0.5-1 m l )  and 1 m l  isopropanol was added t o  i n h i b i t  

The pH was adjusted t o  pH 5: 7.8 - 8.2 using 0.2 N 

mold growth. 

density on t h i s  solut ion was measured a t  420 rnp and was reported as 

This was kept a t  room temperature for 24 hours. The o p t i c a l  

B = OD42O 

g food so l id s  

As i n  the other  procedure i f  t he  sample i s  high i n  fat it is  extracted f i r s t  

as for peroxide determination and browning is  done on the  residue, The amount 

of ext rac t ing  water i s  adjusted f o r  sample s i z e  but  is kept constant f o r  each 

t e s t  on one food system. 
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Method D. Pectinase Procedure 

A 5 gram sample was suspended i n  30 m l  d i s t i l l e d  water ( f i n a l  pR 4-5) and 

,N 100 mg of pectinase (Nutr i t ional  Biochemice~s Co.) was added, This was shaken 

for 1 h r  a t  25°C then centrifuged 40 min a t  17,000 xpm. 

was then f i l t e r e d  through 2 sheets of #589 Whatman f i l t e r  paper, and the op- 

The supernatant 

t i c a l  density a t  420 *.was read on the f i l t r a t e .  The browning was reported 

a s  above, 

Method E, Multiple Enzyme Procedure 

1, Add 25 ml of buffer  pH 8.0 solution* t o  each sample. Then add a 

small amount of the following enzymes: pectinase, pronase, and amylase 

(about 100 mg of each). 

w e l l .  

Add 1 m l  of isopropyl alcohol t o  the samples and shake 

2. Store samples a t  37°C fo r  4 hours. Shake once or twice during incu- 

bation t o  insure complete extraction. 

3. Centrifuge samples for 20 minutes a t  18,000 rpm and 5°C. F i l t e r  by 

gravi ty  through 1 layer of No. 589 Black Ribbon S & S f i l t e r  paper, 

4. Centrifuge again for 40 minutes a t  18,000 rpm and 5'C. F i l t e r  through 

2 layers  of f i l t e r  paper. 

5 ,  If the  solut ions are  s t i l l  cloudy, centr i fuge again for 40 minutes 

a t  18,000 rpm and 5OC. 

6 ,  Read Absorbance a t  420 mp. 

7. 
B = (OD a t  420 w) x 100 

gms so l ids  

* Buffer pH 8.0 solution: 50 ml of 0.1 M KH2P04 and 46.7 m l  of 0.1 M NaOH. 

-4 I- 



C. Free Fat ty  Acid Analysis 

1. 

2. 

Extract f a t  from sample a s  i n  peroxide procedure. 

Dissolve i n  SO ml benzene alcohol - phendphtalein solution. 

(To 1 benzene and 1 95% ethanol add 0.4 g phendphtelein.) 

3 .  T i t r a t e  solut ion t o  d i s t i n c t  pink or orange pink color with 0.1 N KOH. 

4. Make a t i t r a t i o n  blank on the benzene solution; subtract  from sample 

value . 
5, Report a s  FFA: 

FFA = N of KOH (a1 sample - ml blank), 
gm f a t  

D. Microbiological Procedures 

1. I n i t i a l  Systems 

Each system was prepared a s  outlined previously by f i r s t  making a d i rec t  

mixed IMF system. This was then s p l i t  in to  various portions and the test 

organism was added i n  a minimum amount of water (less than 0,5cc/300 g food). 

I n  Runs lM and 3M no attempt was made t o  add an exact amount of mold 

spores (Aspergillus niRer isolated from pumpkin p i e  mix l e f t  out on bench top 

overnight); however en estimate of about 10 t o  10 

gram of food solids.  

water. 

drying and rehumidification. 

a f t e r  24 hours incubation a t  37OOC. 

2. Sntermediate Systems 

In Run 4M and 5M a quant i ta t ive  addition of organisms was attempted. 

3 2 spores were added per 

I n  Run 2M the spores were added as part  of the infusion 

I n  each of these cases the spores were added pr ior  t o  freezing, f reeze 

P la t e  counts of a 1 g sample made on TSY agar 
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Organisms af vwious  types were grown i n  TSY broth and the Klet t  (opt ical  

density) value was determined a s  a function of cell concentratfon. The 

r e s u l t s  a re  shown i n  Figure 10. 

about 10 

After 48 hours, the c u l t u r e  was di luted t o  give 

7 3 organisms per CC. which when added to each food system gave about 10 

t o  10 5 organisms per gram. 

Table 15 shows the type and amount of organisms added t o  each d i r e c t  

The amount added was calculated t o  give about 10 5 mixed batch for  Run 4M. 

organisms per gram of food so l ids  (excluding glycerol) so tha t  comparisons 

could be made a s  a function of water ac t iv i ty .  I n  the mixture 1O5/gram of 

each organism was a l so  added t o  the samples containing 0.3% of potassium 

sorbate and 0.3% propionate, respectively.  After thorough mixing 15 

gram samples were weighed in to  3 oz j a rs .  Half of these were frozen a t  

-40°C and then freeze-dried, a s  was done f o r  the food s t a b i l i t y  t e s t s .  

The remaining samples of each water  a c t i v i t y  were stored a t  room tempera- 

t u re  (25OC). 

the proper water  a c t i v i t y  (see Tablel5). 

samples were made e i the r  a f t e r  drying, a f t e r  humidification or  both. 

samples were then capped and stored along with the  d i r ec t  mixed samples. 

P l a t e  counts were made of a l l  systems a t  the  i n i t i a l  time and a t  subsequent 

in te rva ls  a f t e r  preparation using duplicete p l a t e s  and the proper di lu-  

tion. 

hour s . 

After drying the samples were humidified f o r  24 hours.to 

P la t e  counts of the freeze-dried 

The 

TSY agar p l a t e s  were used end incubated a t  37OC, counting a f t e r  24 

I n  Run 5M only the mold was studied and a higher humidity system was 

made by adding water t o  the bananas. 

d i r ec t  mix system. 

Addition of the mold was made i n  the 
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3, Advanced Studies 

A s  w i l l  be discussed because of stress on the organisms several  

s tudies  were made t o  eliminate the freezing, drying and rehumidification 

e f fec ts ,  

RUN 6M - Banana IMF 

In  Run 6M the  same study a s  Run 5M was repeated, However instead of 

adding the  mold t o  the humidified product before drying, i t  was added 

afterwards. 

ha l f ,  

Essent ia l ly  the d i r e c t  mix system was made and divided i n  

To one half  about 3 x 103 mold spores/gram so l id s  was added and 

then t h i s  was divided in to  storage j a r s  and held a t  room temperature, 

The other half  was divided i n t o  storage j a r s ,  frozen, f reeze dr ied and 

then t o  each sample about 0.1 CG of water containing enough mold spores 

t o  give 10 organisms per gram was added. The samples were then placed 3 

i n  t h e i r  respective desiccators  for  48 hours t o  come t o  the  f i n a l  equi l i -  

brium and then a n  i n i t i a l  p l a t e  count was made. 

then l e f t  i n  storage with the d i r ec t  mixed samples f o r  subsequent analysis ,  

The j a r s  were capped and 

RUN 7M - Pork IMF' 

A study s imilar  t o  the procedure used i n  Run 6 was made on a pork 

IMF' system, A l l  the  organisms studied i n  Run 4 (Table 15) were added t o  

the freeze-dried samples, a f t e r  drying, i n  a 0-1  CC, solution t o  give about 

10 organisms per gram. 3 

4, Laboratory DOE Food Studies 

Systems described i n  B b l e s  13 and 14 were prepared and mold spores 

were added a s  indicated i n  the procedure described previously. 
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I V .  RESULTS AND DISCUSSION 

Theresults of t h i s  study w i l l  be discussed on the  bas i s  of each 

de te r io ra t ive  type of reac t ion  studied. 

preliminary s tudies  were made f i r s t  t o  determine the probabi l i ty  of a 

pa r t i cu la r  react ion being important and tha t  subsequent s tud ies  were 

made with a va r i e ty  of treatments, 

It should be kept i n  mind t h a t  

Each run w i l l  be discussed individu- 

a l ly .  

A. Oxidative Rancidity: 

1, Lipid Oxidation 

Based on the results of the  previous contract  i t  was concluded t h a t  

l i p id ,  oxidation would be the primary de te r io ra t ive  chemical reac t ion  i n  

IMF systemsI This would be espec ia l ly  t r u e  f o r  both meat and vegetable 

type products. The s tudies  presented below were designed t o  determine 

the s t a b i l i t y  of meat type IMF systems, prepared i n  several  ways, and 

the e f fec t iveness  of the var ious ant ioxidants  found su i tab le  i n  NAS 9-9426, 

- RUN 2 - Cellulose/Chicken IMF 

In  Run 2 a chicken/cellulose/glycerol containing IMF system was 

prepared according t o  t h e  composition shown i n  Table 9 ,  

noted the product was freeze-dried and humidified t o  several  l eve l s  and 

tha t  besides the control ,  systems containing respec t ive ly  200 ppm BHA 

( f a t  bas i s )  and 100 ppm c i t r i c  acid ( so l id s  bas i s )  were prepared, 

l a t t e r  ant ioxidants  were found t o  be very e f f ec t ive  i n  the model system 

s tudies  of NAS 9-9426 a t  75% RH. 

It should be 

These 

Oxidative de te r iora t ion  was followed by measurement of oxygen 

-45- 



uptake, peroxide value and organoleptically,  

carr ied over a 40 day period a re  shown i n  Figure 11 and the average 

r a t e s  of oxidation are  presented i n  Table 16, The r a t e s  of oxidation 

are  a t  l e a s t  1/10 slower than tha t  found by Heidelbaugh f o r  a pork IMF 

system prepared i n  the same manner (Heidelbaugh and Karel,  1970), This 

is probably due mainly t o  the differences i n  f a t t y  acid composition be- 

tween chicken and pork, The expected trend i n  oxidation with increased 

water a c t i v i t y  was found f o r  a l l  treatments, namely humidification t o  

32% RH decreases the r a t e s  by 50-60% over t h a t  of the control,  

a t  75% RH the r a t e s  a r e  even f a s t e r  than the dry system a s  had been 

found by Heidelbaugh and Karel (1970), 

ca ta lys t  mobility is important showing the pro-oxidant e f f e c t s  of water. 

The act ion of antioxidants on the system especial ly  a t  75% RH bears out 

the work i n  the model system studies  (NAS 9-9426). Citric acid being a 

chelating agent gives about a 40% decrease i n  oxidation r a t e  (Table 16) 

probably because it is p a r t i a l l y  t i e d  up by the protein bound metal 

ca ta lys t s ,  

of the untreated control. 

The r e s u l t s  of oxygen uptake 

However, 

This i s  as would be expected i f  

On the other hand BHA decreases the r a t e  over 4 times tha t  

Table 17 shows t h a t  the peroxides were j u s t  beginning t o  show up 

2 months and no r e a l  s ign i f icant  differences were apparent up t o  a t  

t ha t  time. However, i t  can be seen t h a t  with fur ther  storage the con- 

t r o l  freeze-dried system became rancid i n  about 4 months a t  both 32% and 

75% RH, whereas the dry control was s t i l l  acceptable, The systems with 

BHA and c i t r i c  acid were both acceptable over the 4 month storage period, 
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Further samples were not available. 

Table 18 compares the  time t o  reach ranc id i ty  of the d i r e c t  mix 

syLstem (same composition) of the  previous study (NAS 9-9426) with the 

75% RH cont ro l  of Run 2, 

which contains twice a s  much water the  product becomes rancid within 

23 days and the peroxide values a t e  very high, 

however, oxidizes  much slower not becoming rancid u n t i l  4 monthse 

It can be seen t h a t  i n  the  d i r e c t  mix system 

The adsorption system, 

These runs were prepared from the  same batch of chicken so t h a t  the  

difference i s  r e a l  and i s  due t o  system preparation. Most l i k e l y  the 

higher amount of water of the same r e l a t i v e  humidity contr ibutes  t o  the 

so lubi l iza t ion  and mobilization e f f e c t s  of water making i t  an e f f ec t ive  

pro-oxidant, 

be qu i t e  important i n  terms of manufacture of IMF food items for space 

missions, but t o  confirm it fu r the r  tests were designed and studied. 

I n  Table 19 the  browning ex t r ac t  from the l i p i d  phase i s  shown. 

This difference i n  r a t e  of ranc id i ty  development would 

As i n  Run 23 (NAS 9-9426) no detectable  aqueous extracted browning was 

found, Although the  r e s u l t s  a r e  qu i t e  scat tered they seem t o  follow t h e  

same trend a s  i n  oxidation ind ica t ing  t h a t  the  pigment comes from oxida- 

t i v e  polymerization pathways, 

_I_ RUN 4 - Chicken: 

In  order t o  determine the v a l i d i t y  of the  r e s u l t s  shown i n  Run 2 

Glycerol IMF System 

a t e s t  was made of a chicken I W  system prepared both by desorption and 

adsorption methods simultaneously, The t e s t  parameters are l i s t e d  i n  

Table 7, I n  addi t ion t o  the control ,  both BHA ( a t  200 ppm f a t  bas i s )  
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and EDTA (100 ppm so l ids  bas i s )  were a l so  studied, 

Table 20 contains  the  r e s u l t s  of the  peroxide determinations, and 

Figure 12 i l l u s t r a t e s  the  increase of PV with time f o r  the cont ro l  system. 

As with the chicken: cel lulose:  glycerol  system (Run 21, the  d i r e c t  

mixed samples i n  a l l  cases  oxidized €as t e r  than f o r  the adsorption prepared 

systems, 

ana lys i s  f o r  a l l  conditionso The pa t t e rn  with humidification,however, 

is not as  c lea r  as  with the preparation method, With the  cont ro ls  the  

samples a t  61% RK were oxidizing f a s t e r  than 75% RH; however, with the 

samples containtng EDTA the  samples a t  75% oxidized f a s t e r .  

t rea ted  samples did riot oxidize s ign i f i can t ly  under any conditions over 

the  83 day study, 

car r ied  on any longer as more data  poin ts  i n  the beginning were €el t  t o  

be necessary. 

Table 21 l is ts  the days t o  reach r anc id l ty  by organoleptic 

The BHA 

I n m f f i  eaet samples d i d  not allow the study t o  be 

The organic phase browning data  a re  presented i n  Table 22. No 

obvious trend a s  found i n  Run 2 was observable. 

It is obvious from the data  f o r  Run 4 t h a t  oxidatfon proceeds 

much f a s t e r  i n  the  d i r e c t  mixed systems, supporting previous conclu- 

sions, Treatment with ant ioxidants  does tend t o  minimize the d i f f e r -  

ences between the  two preparation procedureso 

very good s t a b i l i t y  but a longer storage study would be necessary t o  

The use of BRA gave 
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see i f  s t a b i l i t y  would l a s t  over s i x  monthss 

tha t  with respect  t o  oxidation a lower moisture a t  a given water ac t i -  

v i t y  gives b e t t e r  protection. I n  t h i s  case the degree of protect ion was 

about 3 t o  4 times f o r  the  adsorption system without ant ioxidants  added, 

This study shows, however, 

_1__1 RUN 6 - Pork IMF System 

This run was made t o  co l l ec t  p re  y data  on the  development 

of ranc id i ty  i n  a meat product o ther  than chPckena 

runs i t  had been shown t h a t  chicken IMF sys ems oxidized from 3 t o  6 

times f a s t e r  i n  the d i r e c t  mix s t a t e  than i n  the  freeze-dried system, 

In  the  previous two 

The composition and moisture values  f o r  Run 6 were presented i n  

Table 7, Both BHA and EDTA addi t ion were a l s o  tes ted  a t  the same 

l eve l s  a s  beforeo 

It is obvious t h a t  the  d i r e c t  mixed samples a re  oxidizing much f a s t e r ,  

which is similar  t o  what occurred i n  the chicken samples, 

the cont ro l  and EDTA t rea ted  samples were rancid,  as determined by 

smell, i n  l e s s  than 20 days f o r  the d i r e c t  mixed system, whereas, no 

odor was evident i n  any of the freeze-dried rehumidified samplesI 

enough samples were ava i  able t o  car ry  the study fu r the r ,  however. 

Table 23 contains the  r e s u l t s  of the  one month study, 

I n  f a c t  both 

Not 

_I_ RUN 7 - Pork TMF System 

This run was made t o  extend the time scale  of Run 6 f o r  t he  Pork 

IMF System, 

Table 24 contains  the peroxide valuesD ugh oxidat ion went a l i t t l e  

slower than i n  Run 6, the  same trend as i n  Run 6 occurred f o r  the d i r e c t  

mixed system, 

The compositionsof the systems t e s t ed  were shown i n  Table 7. 

A l t  

The cont ro l  and EDTA t rea ted  samples have gone rancid i n  
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j u s t  over 20 days, whereas the  B 

acceptable a t  34 dayso 

degree of ranc id i ty  f o r  up t o  3 months, 

a t  84% RH 

not t h a t  prevalent beyond tha t  t i m e .  

dr ied samples were s t i l l  acceptable, 

treatment i s  j u s t  becoming un- 

None of the  freeze-dried systems showed any 

Beyond t h a t  time the cont ro l  

05 days but t h i s  odor was igh t  ranc id i ty  a t  

A t  four  months a l l  the  freeze- 

As i n  the  previous t e s t s  i t  i s  seen t h a t  the  method of preparation 

s ign i f i can t ly  a f f e c t s  storage s t a b i l i t y  f o r  lthe pork system, 

adsorption prepared food i s  s t ab le  for over 4 times longer without any 

antioxidant addition, 

increases  t h i s  s t a b i l i t y  t o  a t  l e a s t  5 t o  6 times grea te r  and possibly 

longer, Thus an iate 

s i x  months s t ab i l i ey ,  

The 

~ n c o ~ p o r a t i o n  of EDTA OF BPEA a s  ant ioxidants  

ed ia te  moisture food can be prepared with a t  l e a s t  

RUN f l  

I n  Run 11 the method of soak-cooking f r e sh  chicken meat was used 

P 

t o  prepare the IMF d i r e c t  mix system, 

Hol l i s  e t  a l e  (1959) and ach eves the f i n a l  45 by a desorption process. 

As i n  the previous t e s t s  samples were taken a f t e r  preparation and put 

through the  freeze-dryi g rehumidification process t o  achieve the adsorp- 

t ion  side of the  hys te res i s  loop, 

is i s  the method developed by 

Table 25 contains  the peroxide data  for the  chicken prepared t o  

three r e l a t i v e  humidities, 

s imilar  t o  the previous systems us%ng chicken and p 

It can be seen tha t  r e s u l t s  a r e  qu i t e  

k s l u r r i e s e  The 
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d i rec t  mix material. oxidized f a s t e r  than the  freeze-dried system a s  

measured by peroxide value, and f o r  t he  two highest water a c t i v i t i e s  

became rancid f i r s t .  ex t ra  25 days 

s t a b i l i t y ,  considerably l e s s  than observed in "Le previous s tudies ,  I n  

no case were any of the control  samp e s  i n  the O e 7 5  t o  0,85 water a c t i -  

v i t y  range s tab le  beyond 2-2% months, 

cook-soak system has the advantage of being so l id  pieces  &o it can be 

handled eas i e r  f o r  eat ing,  

two methods a t  Aw = 0,631, 

the same moisture content (Table 10) indicat ing t h a t  t h i s  was the  

closure point of the  hys te res i s  loop, 

The freeze-dried had only about an 

Th%s is unfortunate since the 

Very l i t t l e  difference was seen between the  

This most l i k e l y  i s  because they have about 

RUN 13 - Commercial Pet; Foods 

Both a commercial dog food and ca t  food (Table 12) were studied f o r  

development of peroxides i n  storage, 

were stored as is, 6 g i n  2-4 ozI b o t t l e s ,  and port ions were a l so  freeze- 

dried and rehumidified back t o  the same water activSty. 

and extent  of browning were measured, 

be determined because of the high food dye concentration. 

f e r e d  with the end point determination, 

peroxides i n  the  dog food held a t  bot  

with both preparation treatments t he  peroxides a r e  increasing Slowlye 

The values a re  higher a t  37OC than a t  44OG, 

As outl ined previously the  foods 

Both peroxides 

For the  c a t  food no peroxides could 

This i n t e r -  

Table 25A contains the  data  

37 and 44"C, It can be seen t h a t  

This i s  another ind ica t ion  

tha t  i n  many cases high temperature acce erated storage t e s t s  may not 

give expected r e s u l t s  (Mizrahi e t  al. %970a)s Most 1.ikeI.y the peroxides 
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formed e t  44°C a re  more reac t ive  and disappear f a s t e r e  

I n  no case d id  the samples smell rancid a f t e r  the two months of 

storage, 

sent a s  antioxidants,  In  addi t ion t ences between treatment: 

methods a r e  not s igni f icant ,  This is y because a s  indicated 

i n  Table 25A the  moisture l eve l s  do not d i f f e r  very muck a s  compared 

t o  the d i f fe rences  found In  the  t e s t  systems for this study, 

difference is because the  commercial foods contain much l e s s  soluble 

sol ids ,  Xn any case the  dog food appears to be a t  l e a s t  s tab le  a t  37°C 

f o r  2 months and possibfy based on the  time in t ransi t  before purchase; 

it has a shelf  l i f e  of a t  

This is a s  should be s ince both BHA and c i t r i c  acid a r e  pre- 

The small 

2, Pigment Oxidation 

The oxidat ive s t a b i l i t y  of many foods e w e c i a  of low moisture 

can be followed by l o s s  of p i ~ e ~ g s  zag 2968; Labuza 

f970a), Based on the  work i n  the  previous contrac S 9-9426), s tudies  

s imilar  t o  those f o r  oxidat ive r anc id i ty  described above were made on 

two vegetable t 

index of oxidations 

e products u t i ~ i z i n g  carotenoid pigment ]loss a s  an 

- Carrot System 

Carrot IMF system (Run 5 )  was prepared accordlng t o  the specif i -  

ca t ions  given i n  Table 7 and sdditslsna 

( f a t  bas i s )  and 200 ppm EDTA ( to t a  

spect ively tes ted ,  

systems c ~ n ~ a i n ~ ~ g  200 ppm BHA 

i d s  Pnefuding glycerol)  were re- 

densi ty  of the  ex t r ac t  from 5 8 samples The opt ica  
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taken from storage was measured a t  450 mp, and i s  shown respectively i n  

5 fo r  each sys em and treatment, 

.be i s  bbvibus t h a t  the  pigments are oxidized very rapidly i n  a1 

systems, 

the extract  which would be a highly bleached food and which wou 

Tab e 26 lists the approximate time t o  reach an OD of 0 , l  i n  

acceptable, 

cated i n  peroxide oxi  a t i s n  measurements made on chicken, i oea  the  d i r ec t  

mixed samples oxidized f a s t e r  but the degree of protection afforded by 

the freeze-dry process i s  not a s  

The control  systems fo%%ow the same pa t te rn  a s  was fndi- 

With the  addition of BHA the r e su l t s ,  however, a r e  confusing a t  

75% RM and with EDTA the  d i r ec t  mixed system i s  the most s table ,  an 

a l l  cases the var iab i  i t y  i n  the analys is  was large and the s t a b i l i t y  

of the product low SO t h a t  no r e a l  conclusions can be made except tha t  

EDTA has some protect ive e f f ec t  i n  the d i r ec t  mixed systems, 

EDTA is be t t e r  than BHA, a s  was found f o r  hfgh celSuEose model systems 

i n  NAS 9-9426, No system, howeve 

I n  f a c t  

had much more than one month s t a b i l i t y .  

____. RUN 9 - Sweet Potato System 

I n  previous Run 5 t ss of carotenoids was fo lowed in a car ro t  

A similar run XMF system a s  a secondary method of measuring oxidation, 

was s e t  up using sweet potalto a s  a source of carotenoids, 

of up to  77 days storage a re  presented i n  Tab e 27, 

15 t o  16 the sweet potatoes become qu i t e  b eashed and would be unac- 

ceptable, It is obvious tha t  110 system gives much be t t e r  than 32 days 

s t a b i l i t y  with o r  without an ioxidants added, 

the r e s u l t s  of Run 5 for ca r ro t s  and may indicate  t h a t  some other mechan- 

The r e s u l t s  

A t  a value of about 

T h i s  i s  qui te  s imitar  t o  
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i s m  i s  a f fec t ing  carotenoid 8 t a b i l i t y ,  

fac ture  of these types of systems f o r  intermediate moisture foods. 

Other vegetable products might be more s table ,  but even chlorophyll 

Its degraded very rap id ly  a t  IMF conditions (La So l l a  e t  a l , ,  1971) 

This may preclude the manu- 

B. Non-enzymatic Browning 

Non-enzymatic browning is the  second major route  of chemical 

de te r iora t ion  of many foods i n  the  'IMF range. 

i n  NAS 9-9426 espec ia l ly  f o r  f r u i t  type products high 

low i n  protein.  fn t h a t  previous contract  browning i n  high pro te in  

type systems (such a s  meat) was not s ign i f i can t  because of the slower 

r a t e  a s  compared t o  l i p i d  oxidation, Based on t h i s ,  the  s tud ies  i n  

t h i s  contract  were confined t o  IMF systems.of f r u i t  type base. 

This has been found 

i n  sugars, but 

RUN 1 - Applesauce IME' System 

The composition used t o  prepare the  i n i t i a l  applesauce IMF system 

was shown in Table 7, The d i r e c t  mix procedure was used. Applesauce 

contains l e s s  than 0.3% f a t  so t ha t  i t  would not be expected t o  be sub- 

j e c t  t o  oxidation, The major route  of de t e r io ra t ion  most l i k e l y  is 

non-enzymatic browning because of the  high sugar content, the small 

amount of pro te in  (0.3-0.4%) and the low pH ( 3 - 4 ) .  Samples were held 

a t  37"C, 44OC, and 53°C a f t e r  preparation t o  a water a c t i v i t y  of Aw = 

0.95 and a moisture content of 2,7 g/g so l ids ,  

The r e s u l t s  of increase i n  brown color  a re  shown i n  Figure 16 

using the aqueous ex t rac t ion  method A f o r  measurement of t he  pigment. 



As would be expected an increase i n  temperature increases the rate .  

Measurement of the act ivat ion energy gives a value of 15 Kcal/"K male; 

t h i s  i s  very low fo r  non-enzymatic browning. Usually a value of 25-30 

Kcal would be expected, In  addition the r a t e  is subs tan t ia l  even a t  

37°C. This could indicate  t h a t  the browning may be enzymatic i n  

nature due t o  the f a c t  t h a t  enzymes may not have been destroyed during 

the milk heet treatment given commercial applesauce (less than 19O0F). 

I n  addition, due t o  the introduction of sugar syrups, many precursors 

or intermediates t o  the browning react ion may have been added i n  the 

manufacture thus eliminating some l imi t ing  

browning index of 4-5 the product was qui te  dark i n  color and most 

l i ke ly  would be unacceptable. 

is l e s s  than 30 days. 

Holl is  e t  a l .  (1968) f o r  8 similar  apple IMF product. For commercial 

success t o  eliminate these problems the sauce w i l l  most l i ke ly  have t o  

be precooked and some s u l f i t e  may have t o  be added. Since a very high 

Aw was used i n  t h i s  test, lower humidities were prepared i n  order t o  

f ind t h e  minimum r a t e  moisture content fo r  the IMF range. 

r a t e  steps, Inany case a t  a 

This means tha t  even a t  37OC Stab i l i t y  

This agrees with the poor s t a b i l i t y  found by 

It was a l so  noted tha t  a f t e r  about 30 days the  pigment was highly 

insoluble even when the enzymatic digest ion procedure (Method B) was 

u t i l i zed .  

study. 

T h i s  may pose some problems for a longer range storage 

-.111 RUN 3 - Applesauce IMF 

Run 3 was made a t  lower water a c t i v i t i e s  (0.61 and 0.75) which would 
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be more indicat ive of an IMF system than i n  Run 1. 

the systems were shown i n  Table 7. Samples were prepared by both pre- 

paration techniques a s  i n  the l i p i d  oxidation s tudies  t o  determine the 

e f fec t  of moisture content on r a t e  a t  constant 45. 
using Method A f o r  up t o  50 days followed by Method I) a r e  shown i n  Table 28. 

It i s  obvious tha t  for a l l  samples very l i t t l e  increase i n  browning oc- 

curred over the f i r s t  40 days. 

of previous t e s t s  done a t  the higher water a c t i v i t y  which showed only 

a moderate increase i n  browning, 

tha t  a t  the lower a c t i v i t y  (61% RH) the  r a t e  was f a s t e r  i n  a l l  cases. 

This could be due t o  a maximum i n  the concentration of solutes  a t  t h i s  

point, thus increasing the  r a t e ,  A t  75% RH these solutes  a re  d i lu ted  

out, thus slowing the rate .  

showed f a s t e r  r a t e s ,  as i s  evident i n  Table 29 i n  which the time t o  

reach a browning value of 5 has been estimated. 

e i the r  due t o  increased so lubi l iza t ion  of reac tan ts  ox be t t e r  mobility 

i n  the l e s s  viscous solut ion since much less glycerol is present, Ordi- 

na r i ly  a maximum e x i s t s  i n  the IMF range f o r  browning (Labuza 1970a) but 

t h i s  i s  usually tes ted  on a food of s ingle  composition. 

study the amount of glycerol contained i n  the l iqu id  phase i s  changing 

and two maxima may occur, 

samples of Run 1 a re  a t  too high a water a c t i v i t y  t o  be safe a s  an IMF 

food system, From Run 3 it can be surmised t h a t  the d i r ec t  mix system 

The compositions of 

The browning r e s u l t s  

This is a s  would be expected on the bas i s  

It i s  in t e re s t ing  to  note however 

Above t h i s  a c t i v i t y  the previous run (Run 1) 

This f a s t e r  r a t e  i s  

I n  the present 

From the standpoint of s t a b i l i t y  however the 
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gives be t t e r  s t a b i l i t y  than the freeze-dried a t  the  same ac t iv i ty .  

This could be due t o  the higher d i lu t ion  of reac tan ts  i n  the aqueous 

phase. This i s  a l so  opposite t o  the e f f ec t  found f o r  l i p i d  oxidation, 

.L-- RUN8 

A study of a banana IMF system was aade using the multiple enzyme 

browning procedure (Method E), The other methods (A through D) 

when t r i e d  i n  preliminary tests with a banana IMF gave very var iable  re- 

s u l t s  because of cloudy extracts.  

always be made clear, 

samples were held a t  two humidities, three temperatures and were pre- 

pared by both d i r e c t  mix and freeze drying procedures. 

With Method E the solut ion could 

The systems tes ted  a re  shown i n  Table 7. The 

Table 30 contains the  r e s u l t s  of the f i r s t  44 days of a study with 

the Run 8 banana IMF system based on t o t a l  dry weight including glycerol. 

In  Table 31 the r e s u l t s  of up t o  78 days a re  presented on a pe r  gram of: 

t o t a l  dry weight excluding glycerol. From Table 30 i t  appears t h a t  

a t  each temperature the r a t e  is f a s t e r  a t  75% RH than 61% RH, This 

i s  opposite t o  what was found i n  Run 3 f o r  applesauce, although very 

l i t t l e  increase took place fo r  the applesauce system a s  compared to  

the bananas. With respect t o  the two preparation methods no large 

differences were apparent, 

I n  Table 31 the data were recalculated on a per gram of banana 

so l ids  basis ,  In  t h i s  

case glycerol is assumed t o  contribute only to  the l iqu id  phase, On 

t h i s  bas i s  and using the time t o  when i t  was estimated tha t  the pro- 

This i s  a s  was done f o r  applesauce i n  Run 3, 
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duct had an unacceptable color (B 250 t o  60),  Table 29 shows t ha t  there  

i s  a small difference between the two preparation techniques as was 

found for  applesauce, The freeze-dried adsorption eamples show less 

s t a b i l i t y ,  but ove ra l l  it i s  on the order of only 6 t o  10 days lesso 

Since measurements were made weekly t h i s  may be due j u s t  t o  experimental 

error.  It should be noted tha t  a f t e r  44 days a change i n  personnel oc- 

cumd and many of the values appear t o  be lower but t h i s  did not a f fec t  

the trends established. 

It can be seen t h a t  high temperature storage (57°C) causes the  

product t o  have l e s s  than one month s t a b i l i t y ,  and storage a t  446C 

gives a s t a b i l i t y  of j u s t  over one month, 

l e s s  than three months f o r  a l l  conditions. ,Therefore ,  an acceptable 31MF 

f r u i t  product cannot be prepared with greater  than 3 months s t a b i l i t y  

unless s u l f i t e  is t o  be added, However, s u l f i t e  may be banned by the  

FDA i n  the future.  This was not studied i n  t h i s  contract. 

Even a t  37°C s t a b i l i t y  i s  

The following should be considered with respect  t o  the reasons f o r  

finding only a small difference between the two preparation methods. 

According t o  the present theory water has several  ac t ions  in non-enzymatic 

browning (Labuza 1970a), 

1. Water dissolves  and mobilizes reac tan ts  accounting f o r  an 

increased r a t e  a s  A increases. 

Water d i l u t e s  the reac tan ts  once a l l  the dissolvable sub- 

s t r a t e  i s  i n  solution, thus slowing the react ion a t  a given 

W 

2. 
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moisture content (Labuza 1970a) a 

Water is a product of the  browning reactLon and thus 

slows the reac t ion  but does not manifest i t s e l f  u n t i l  

the  water concentration exceeds a c e r t a i n  value, 

19719 personal communication; Loncin e t  a l a  1968). 

3. 

(Eichner 

According t o  the abovel the amount of water a t  both humidities i n  both 

preparations i s  probably high enough t o  slow browning t o  the same r a t e ,  

The ac t iva t ion  energy calculated from the dara  of both preparation 

techniques y i e lds  a value of 25 KcaI/g mole, 

of Mizrahi et  a l e  (1971) t h i s  i s  a minimum €or dr ied  f r u i t s  and vege- 

tab les  a t  high moisture content, 

On the  b a s i s  of the  values 

The minimum ac t iva t ion  energy thus shows 

t h a t  the water a v a i l a b i l i t y  i n  both preparations i s  not very d i f f e r e n t  

i n  terms of banana browning as i t  was i n  the  case of l i p i d  oxidation o r  

for applesauce browning,, 

_I__ RUN 10 - Applesauce IIMF 

In t h i s  run an applesauce IMF system was again studied because of 

the  d i f f i c u l t y  experienced i n  measuring browning i n  Run 3 before Method E 

was establ ished,  Tab e 7 f i s t e d  the  systems tes ted ,  

Table 32 contains  the r e s u l t s  of Run 80 f o r  up t o  37 dayss The 

run was terminated a s  the  t e s t  method did not co r re l a t e  with t h e  v i sua l  

browningo A t  37 days a t  humidities higher than 61% Rw a l l  samples were 

v i s ib ly  dark ye t  the  pigment w a s  not extracted by the  method used. 

f a c t  the 61% RN samp es showed the l i g h t e s t  color  and has the highest  

I n  
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op t i ca l  density. It seems tha t  the pigment produced becomes highly in- 

soluble as indicated previously and thus cannot be measured accurately. 

- RUN 13 - Commercial Pet  Foods 

An attempt was made t o  follow browning development i n  the corn- 

mercial pet  foods (Table 12). 

ference with the food dye, very poor extract ion of the  samples, and 

extreme d i f f i c u l t y  i n  solubi l iz ing the  samples even with enzymes. 

was qual i ta t ive ly  noted tha t  so lub i l i t y  decreased with storage a t  l e a s t  

indicating tha t  non-enzymatic browning i s  occurring, 

Many problems evolved including in te r -  

It 

C, Enzymatic Act ivi ty  

As previously noted enzymes would be most ac t ive  i n  intermediate 

moisture systems unless  the products were thermally t reated,  In Run 12 

a model system containing l ipase  and a t r ig lycer ide  o i l  was prepared t o  

several. water a c t i v i t i e s  and by the two preparation methods (Table 11). 

If enzymes were act ive,  hydrolysis of the fat: would occur producing f r e e  

f a t t y  ac ids  which could be t i t r a t e d ,  

shown i n  Table 33, 

values i n  a l l  systems were r i s i n g  slowly, 

t h a t  the sample s i z e  used was too small, thus very l i t t l e  base was used 

i n  the t i t r a t i o n  causing some error.  

a r e  probably i n  error since they do not f i t  t he  t rends of the  data,  

and method of treatment no pat te rn  could be 

The r e s u l t s  of t h i s  t e s t  a r e  

It can be seen over the two month storage period the 

It was noted afterwards 

Thus the few very high data poin ts  

With respect  t o  A 
W 

found, It should be expected t h a t  the r a t e  should increase with 45 a s  
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was found by Acker (1969), However, because of d i l u t i o n  a t  the higher 

moisture contents t he  d i r e c t  mix should proceed s l i g h t l y  slower. This 

could be counter balanced by the  higher v iscos i ty  of the freeze-dried 

system and thus i t  is possible tha t  no difference would occur, 

minimal r e s u l t s  r e f l e c t  t h i s  but do not confirm the  theo re t i ca l  bas i s ,  

The 

More s tudies  would be needed i n  enzyme systems, 

D e  Microbiological S t a b i l i t y  

Microbiological decay of intermediate moisture foods could be a 

ser ious problem i f  ant imicrobial  agents cannot be added, The s tudies  

outlined below were desPgned t o  determine the  degree of growth in W 

systems, the e f fec t iveness  of antigrowth agents, and the  e f f e c t  of 

preparation techniques on microbial  growth, 

RUN 1M 

I n  a preliminary t e s t  t o  determine the e f f e c t  of d i r e c t  mix and 

-.-.11111 

freeze drying methods on c e l l  growth i n  IMF systems, a pumpkin p i e  mix 

was prepared according t o  Table 8, The d i r e c t  mix system was inocu- 

la ted  with a 1 m l  solut ion of mold 1 and then t h i s  

was used t o  prepare the freeze-dried systems. 

37°C and each of the systems from the freeze d r i e r  were humidified t o  

four humidities t o  encompass the  desired level of water content and 

water a c t i v i t y o  

A l l  systems were held a t  

The r e s u l t s  of mold growth observations are shown i n  Table 34.  

t he  d i r e c t  mix system growth appears a t  a l l  humidities above A, = 0,75, 

For 
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a s  would be expected. 

decreases a s  a r e s u l t  of the  osmotic s t r e s s e s  put on the organism. A t  

an 45 = 0.70 no growth occurs, which i s  as expected, s ince t h i s  i s  be- 

low the  minimum Aw f o r  most mold growth (Bone 1968). 

I n  addition, a s  AW decreases the growth r a t e  

Each of the  d i r e c t  mix systems were freeze-dried and humidified t o  

four levels ,  giving systems a t  each humidity with increasing glycerol  

concentration. It would be expected t h a t  with a higher glycerol  con- 

ten t  the moisture content of the sample a t  the  same Aw would a l so  be 

higher and might allow for f a s t e r  growth, 

a t  any of the conditions,  suggesting t h a t  e i t h e r  a l l  the spores were 

k i l l e d  i n  the f reeze  drying or  t ha t  the  combination of low pH s t r e s s  

(3.5-4.0 i n  the pumpkin alone) and low 43 prevents a l l  growth even 

without any antimycotic added, 

However, no growth occurred 

RUN 2M 

I n  order t o  study a system without a low pH Run 2M (Table 8 )  

was prepared by soaking f reeze  dr ied  chicken d ice  i n  3 volumes of var i -  

ous neu t ra l  solut ions a t  given AW's.  A 1 mP so lu t ion  of mold was added 

t o  give about 10 

port ions were freeze-dried and then each system was humidified t o  four 

l eve l s  corresponding t o  the  range of 

these systems a r e  about 6-6,5. 

4 spores per gram chicken, After  soaking a t  each Aw 

= 0,61 t o  0.90, The pH's of 

Table 35 contains the  r e s u l t s  of Run 2M, As with the pumpkin, 

growth appeared a t  the th ree  highest  

decreased. After 14 days the chicken was plated out and i t  can be seen 

l eve l s  but was delayed a s  Aw 
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that  ac t ive  growth occurred i n  a l l  three levels.  

organisms present even a t  a water a c t i v i t y  of 0,70. 

organisms were not ac t ive ly  growing, since t h e i r  number did not in- 

crease over what was added, but they did survive the l o w  A stress. 

When plated out (4, of mediumrr 0,98) they were able  to  grow again. 

Also there  were 

Most l i ke ly  these 

W 

The freeze-dried rehumidified systems held a t  A = 0,9 and 0.84 

It i s  obvious t h a t  a t  
W 

show the presence of organisms a f t e r  14 days, 

A = 0.84 the organisms have been dying out and a r e  not growing, whereas 

a t  0,90 they may be growing slowly, 

organisms a re  dead. 

the added s t r e s ses  of drying, high osmotic pressure, and low water 

ac t iv i ty ,  

humidified did not, suggesting a l so  t h a t  water a c t i v i t y  alone i s  not 

responsible f o r  control l ing growth and tha t  water content may a l s o  be 

important, 

W 

A t  the two lowest humidities a l l  

This suggests t h a t  the mold i s  not able  to  survive 

The d i r ec t  mixed sample a t  0,75 did show growth but the re- 

RUN 3M 

A more quant i ta t ive  run with a pumpkin IMF system was made i n  Run 

3M,(Table 8) adding a known amount of spores t o  the d i r ec t  mixed system 

and making counts over szveral  days, 

mold i n  the direct  mixed sample a t  45 - 0.84 i s  able  t o  grow and multi- 

ply, The s t r e s s  of f reeze drying i s  seen t o  decrease the mold count by 

almost two log cycles, a s  observed by the i n i t i a l  counts from the  freeze 

d r i e r .  

causes more death. 

As can be seen i n  Table 36, the 

Humidification t o  values tha t  a r e  not inh ib i tory  t o  mold a l so  

Final ly ,  holding a t  these high humidities causes 
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the c e l l s  t o  d ie  out within 10 days, similar t o  the r e s u l t s  of Sinskey 

e t  a l e  (1970) for bacter ia .  This suggests t ha t  e i the r  the  organisms a re  

completely damaged by the drying process and cannot repa i r  themselves 

or tha t  the low pH prevents repa i r ,  since f n  the chicken system with a 

much higher pH organisms were able t o  survive f o r  a Longer time, 

RUN 4M - Banana 
P 

I n  Run 4M banana systems of intermediate p were prepared so tha t  

pH e f f e c t s  would not be as prevalent i n  the freezebdried humidified 

systems (Table 81, The pH ranged from 5,8 a t  A 

A, = 0.65, 

= O e 9  down t o  4,7 a t  

Several c lasses  of organisms were studied by quant i ta t ive  
W 

methods, adding a s  close a s  possible t o  between 4 x PO 4 t o  lo5 organisms 

per  gram of food sol ids ,  

cero l  on c e l l  counts. The organisms used were: a mold @e n i ~ e r ) ,  a 

), a common bacter ia  of prominence i n  food 

This eliminates the d i lu t ion  e f f ec t  of gly- 

) and a pathogenic organism o f  public hea l th  

aureus)o The l a t t e r  two bacter ia  repre- 

sent a gram negative organism and a gram posi t ive organism, respectively,  

It should be noted t h a t  gram pos i t ive  bac ter ia  a re  usually more r e s i s -  

t an t  t o  stresses and can usually grow a t  lower water a c t i v i t i e s ,  In  

addition t o  the above a mixture of a l l  the organisms was made, a con- 

t r o l  with no organisms and the mixture again with potassium sorbate i n  

one system and calcium propionate i n  another, The tes t  conditions a r e  

a l s o  outlined i n  Table l5* 

The r e su l t s  of a two week storage tesk: €or Run 4M are  shown i n  
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Table 37, With respect t o  each organism the following was found: 

(I) Molds 

The molde behaved a s  i n  the previous studies i n  tha t  very 

s l igh t  growth occurred a t  a l l  humidities, with the exception 

of A, = Oe68 where ehe organisms died out i n  seven days al-  

though they were present a t  the s t a r t ,  Growth seemed t o  be 

slow even a t  the highest humidity, as found by Rol l f s  e t  a l ,  

(1969). Freeze drying caused about 2 log cycles k i l l  and no 

growth occurred a f t e r  humidification t o  any of the levels. 

Mold appeared t o  be s tab le  a t  A = 0,68 but not: a t  the  higher 

humidities, The reason for t h i s  i s  unknown but could be due 

t o  protection by the high glycerol content, 

w 

(2) Yeast 

The yeast appeared t o  be able to  grow i n  the d i r ec t  mix 

system a t  both 45 = O,8 and 0,85 but was k i l l e d  rapidly a t  

lower humidities, 

pared samples due t o  complete k i l l  by freeze drying o r  t o  the 

f ac t  t ha t  the damage caused by a l l  the s t r e s ses  is not repair-  

able. 

No yeast was present i n  the adsorption pre- 

(3) P seudornona s 

The pseudomonads being gram negative cannot r e s i s t  much stress 

and a s  i s  obvious from Table 37 they have disappeared i n  all 

systems, except a t  Aw = 0.85 for the d i r ec t  mix, 

these die  out i n  l e s s  than seven dayse 

However, 
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( 4 )  _Staph 

The staph organisms, being bac ter ia  which a re  more r e s i s -  

t an t  t o  stress, do survive both preparation to  lower humi- 

d i t i e s  and f reeze  drying and humidification, Bowever, the 

damage occurring is i r reparable  and they disappear i n  7 days. 

Bo l l i s  et  a l ,  969) found a greater  survival  of t h i s  organism 

even with sorbate added i n  h i s  dh-ec t  mix system (cook-soak 

method), although the organisms disappeared i n  4 months. The 

pH of h i s  systems (chicken and ham casserole) may have been 

higher, however, and may have been a b e t t e r  source of nut r i -  

en ts  for the  organismso 

( 5 )  Mixture 

The mixture of organisms showed the same r e s u l t s  a s  the  mold 

and yeast ,  which were the only organisms found on the pla tes .  

The survival, a t  Aw = 0.35 f o r  the freeze-dried system is 

not explainable and may be due t o  contamination, 

(6) Control 

The cont ro l  shows no growth i n  any system, ind ica t ing  ade- 

quate procedures were used t o  e l iminate  extraneous contamination, 

(7) 

Potassium sorbate is e f fec t ive  i n  k i l l i n g  off a l l  c e l l s  a f t e r  

a few days storage,, high c e l l  count occurs be- 

cause the c e l l s  have only been i n  the food a short  time be- 

The inb t i a  

fore  d i l u t i o n  and p la t ing  out,  The 
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plat ing technique lowers the sorbate concentration below the inhibi-  

tory level ,  

the d i r e c t  mix system, a s  indicated by growth a t  Aw = 0080 and 0085 ,  

The survival  a t  lower a c t i v i t i e s  and i n  the freeze-dried system seems 

t o  be greater  than f o r  e i t h e r  the molds or yeast  alone, 

due t o  a synergis t ic  e f f ec t  or some other unknown phenomenom, 

Calcium propionate has very l i t t l e  e f f e c t  on the ce l l s  i n  

This might be 

I n  general t h i s  run shows t h a t  molds and yeast  a re  probably the 

only r e a l  problem i n  intermediate moisture foodso 

dry-humidification method molds become the only problem, but even i n  

t h i s  case they do not grow but slowly d i e  out. It i s  possible, as 

presumed, tha t  on the adsorption branch the water a c t i v i t y  must be 

higher before growth can occur, sfnce no real. growth occurred i n  any 

of the systems studied which were prepared under tha t  condition, 

By using the  freeze- 

RUN 5M - Banana IMF 

This run was prepared i n  order t o  study molds fur ther ,  a s  they 

were most r e s i s t a n t  to  the adsorption system preparation (freeze- 

dry-humidify), 

determine i f  growth could occur using the  above preparation procedure, 

Table 8 out l ines  the banana systems studied and the  r e s u l t s  a r e  shown 

i n  Table 38, 

Also a wider  range of r e l a t i v e  humidity was used t o  

The r e s u l t s  of Run 5M corroborate the previous tests in  that  the  

mold i n  the  d i r e c t  mix system i s  able  to grow slowly or survive from 

water a c t i v i t i e s  of 0.68 upto  0,90, with the growth occurring a t  the 

higher humidities, With freeze drying and humidification survival  
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-Ls better a t  the  high humidities but growth i s  nottaking place, thus 

indicat ing damage, 

isms a r e  a l l  k i l l e d  by the freeze drying-humidification procedure. 

i s  obvious tha t  K-sorbate i s  a very good preservative since a l l  mold i s  

k i l l e d  i n  storage. 

A t  Aw = 0,75 and 0.68 i n  these systems the organ- 

It 

What is not possible t o  determine from t h i s  run i s  whether 

the mold can grow i f  prepared on the adsorption branch, 

i t  i s  i r reparably damaged by the  procedures used. 

have not established whether the l imit ing Aw is  higher on the adsorption 

branch of the hys te res i s  loop than on the desorption branch. 

quent s tudies  were designed with t h i s  i n  mind, 

Most l i ke ly  

These tests a l so  

Subse- 

RUN 6 - Banana IMF 

I n  the previous tests, the organisms were added t o  the direct  mix 

- 

system, a portion of which was then freeze-dried and rehumidified to  make 

the adsorption system a t  the same As noted, t h i s  k i l l s  o r  stresses 

most of the organisms so tha t  very l i t t l e  or  no growth occurred i n  the 

adsorption system, A question tha t  was brought up,however, i s  whether 

an organism i f  introduced in toenadsorp t ion  prepared system would be 

able t o  grow a t  t he  same l imit ing water a c t i v i t y  a s  f o r  the  desorption 

system. Run 6M was prepared t o  t e s t  t h i s  hypothesis using the same con- 

d i t i ons  a s  Run 5M (Table 8 )  but the procedure of introducing the organ- 

isms by in jec t ion  of a solut ion in to  the food samples after drying but 

pr ior  t o  humidification. Mold was the only organism tested,  
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Table 39 contains the  4 month date of Run 6M and shows t ha t  f o r  

the d i r ec t  mix system growth occurs very rap id ly  a t  90, 85 and 8Wo RH 

but seems t o  osc i l l a t e .  Growth occurs even a t  A = 0.68, but may have 

been due t o  water vapor leaking i n t o  the sample containers. 

f a r  the f reeze  dried humidified samples even a t  9W0 RH the  mold spores 

W 

However, 

a re  dying out. 

than 0.9 fo r  the adsorption branch but may be j u s t  less than 0.68 f o r  

the d i r e c t  mixed system. 

This ind ica tes  t h a t  the  minimum water a c t i v i t y  i s  grea te r  

Thus a high moisture product could be produced 

without sorbate by using the  adsorption process. 

tha t  where growth is occurring sorbate is a very e f f ec t ive  k i l l e r  of the 

mold spores. 

Table 39 a l so  ind ica tes  

It is i n t e re s t ing  t o  note tha t  a t  the high humidities for 

the  freeze-dried system the mold survives the presence of sorbate but 

i s  not growing. 

RUN 7M - Pork IMF 

A study s imilar  t o  Run 6 was made using a l l  the t e s t  organisms (Run 

4M) and adding t o  the freeze-dried product so as t o  eliminate the  freez- 

ing and drying s t r e s s .  Also a medium pH system, pork, was used. The 

compositions used a re  shown i n  Table 8. 

- 

The r e s u l t s  shown i n  Table 40 indica te  t h a t  a s  with the  banana sys- 

tem a higher minimum water a c t i v i t y  is found f o r  samples prepared by the 

Ereeze-driedlhumidified method. 

process the minimum 

desorption food as shown below: 

For each organfsm, in the  adsorption 

i s  9.9 o r  la rger  whereas it is much l e s s  i n  the 
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ORGANISM 

Mo I d  

Yeast 

Pseudomonads 

Staph 

DESORPTION 

minimum Aw 0.75 

Aw < 0484 

Aw < 0,84 

45 < 0.84 

It should a l s o  be noted tha 

ADSORPTION 

049 

> 0.9 

> 0.9 

0.9 

the  sorbate has much less effect iveness  

i n  t h i s  system as compared t o  bananas because of the  neut ra l  pH (Table 8 ) .  

T h i s  suggests t h a t  the method of preparation by adsorption would be use- 

f u l  fo r  neu t r a l  pH systems. 

more r e s i s t a n t  a t  neu t r a l  pH t o  low p4w than i n  previous runs a t  lower pH. 

It is  a l s o  noted tha t  the  Gram + Staph a re  

I n  summary f o r  the pork system it has been found tha t :  

(1) Mold grows a t  about the  same r a t e  i n  the d i r e c t  mix system 

a s  with the  low pH bananas but seems t o  d i e  out sooner a t  low 

A . For adsorption systems,however, the mold i s  much more s t ab le  

and survives the low water a c t i v i t i e s .  

Yeast a s  i n  previous s tud ies  d i e s  out i n  a l l  the  adsorption 

prepared systems indicat ing very poor res i s tance  t o  s t r e s s .  

Psuedomonads exhib i t  a behavior very s imilar  t o  t h a t  of yeast ,  

The food poisoning organism Staph, aureus can grow down t o  an 

= 0,84 and survives f o r  a t  l e a s t  two months a t  = 0.75 

f o r  d i r e c t  mixed systems, This ind ica tes  t h a t  introduction 

of t h i s  organism during manufaction of IMF w i l l  have t o  be 

monitored. However, for  the adsorption prepared IMF, the organ- 

W 

(2) 

(3) 

(4) 

AW 
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i s m  d i e s  out i n  two months i n  the intermediate moisture range, 

resul ts  a r e  similar t o  those of Hol l i s  et a t ,  (1969). 

These 

- RUN 8M - Laboratory Dog Food System 

It was decided t o  test  a commercial dog food IMP system for  sur- 

v iva l  of molds, and a s  w e l l  t o  t r y  the normal humectants used i n  indus- 

t ry ,  i.e, sugars and proteins,  I n  addition 1-3 butane diol ,  a new com- 

pound, studied by the A i r  Force and NASA f o r  use i n  food systems and 

current ly  being tes ted  by a commercial company as a food supplement 

was  a l so  teeted,  Table 13 contains the compositions of the systems 

tested. It was not evident when the mixture was formulated but a f t e r  

se t t ing  up the test ,  the 45 was found t o  be i n  the  range of 0.60 t o  Om65 

with a moisture content of 18 g H20/100 g solids.  

for a commercial pe t  food, 

“his is  a l i t t l e  low 

The r e s u l t s  a r e  shown i n  Table 41, It can be seen tha t  no growth 

is occurring even i n  the control  without sorbate, 

due to  the low water a c t i v i t y  t h a t  the food was made to,  which is 

below the minimum growth ac t iv i ty .  

s ides  act ing a s  a humectant seems t o  k i l l  off the cells  readi ly ,  This 

may be a b e t t e r  humectant than glycerol  because of t h i s  antimycotic 

e f f ec t ,  

This i s  probably 

The presence of butane d i o l  be- 

RUN 9M .. Laboratory Dog Food System 

I n  Run 9M the composition of the pet food was changed t o  increase 

the moisture content t o  31 g/100 g so l ids  and increase the water a c t i v i t y  

t o  0.65 to  0.70 (see Table 14), Again the f i n a l  Aw was lower than 
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expected but could not be changed once the system was i n  storage, 

Table 42 shows the r e s u l t s  of the  mold counts over a one month 

They show the same trend a s  i n  Run 8M with the mold slowly period, 

dying out i n  the control  system, It should be noted tha t  the mold 

survives the sorbate much be t t e r  than i n  Run M a t  low 45. 
l ike ly  i s  due t o  the poorer mixing with the hamburger since the  sys- 

tem without sorbate showed s imilar  r e su l t s ,  Again butane d i o l  k i l l s  

the organisms almost from the s t a r t  suggesting t h a t  t h i s  w i l l  be a 

useful  addi t ive,  

This most 

E. Packaging Predictions 

With respect t o  packaging requirements f o r  IMF systems some sugges- 

IMF systems by v i r tue  of t h e i r  t ions  and calculat ions can be made, 

de f in i t i on  occur i n  the  region of the  sorption isotherm characterized 

by a steep increase i n  moisture content as a function of 45. 
suggests tha t  a large moisture change must take place before a large 

change i n  s t a b i l i t y  w i l l  occur. 

This 

Two p o s s i b i l i t i e s  e x i s t  i n  terms of packaging requirements with 

respect t o  moisture, The f i r s t  and most l og ica l  i s  tha t ,  since under 

most conditions the outs ide re la t ive  humidity i s  less than the equi l i -  

brium humidity of IMF systems, the foods w i l l  lose water. Thus, most 

l ike ly ,  according to  the s t a b i l i t y  map (Figure Z), react ion r a t e s  w i l l  

decrease and shelf l i f e  w i l l  increase, The only problem would be loss  

i n  p a l a t a b i l i t y  a s  the  product becomes dr ie r .  

requirements f o r  t h i s  s i t ua t ion  can be made based on the s tudies  of 

Some estimation of the 
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Mizrahi e t  a l ,  (1970), and the contract  work of Karel and Labuza (1969) 

on space foods. 

To make some estimates the chicken IMF system represented i n  Figure 

6 was chosen a s  a model, The l inear  isotherm estimation method was 

used which defines the shelf l i f e  equation as: 

where moisture content of food 

Me = moisture content i n  equilibrium with external  humidity 

M, = c r i t i c a l  moisture content of food a t  which i s  un- 

acceptable 

k = f i lm permeability i n  gram H20 m i l  

x = f i lm thickness i n  m i l  

2 A = area of package i n  M 

W s  = weight of d y so l ids  i n  grams 

Ps = sa tura t ion  vapor pressure of water a t  temperature 

of system 

8 

b = slope of l inear  isotherm for foad 

= desired shelf  l i f e  In  days 

The assumptions necessary t o  use t h i s  equation and i t s  l imitat ions have 

been discussed i n  d e t a i l  by Mizrahi e t  a l ,  (l970b) and w i l l  not be 

gone in to  heree 

To use t h i s  equation one must f i r s t  make a l inear  approximation 

to  the isotherm, For the chicken system the  parameters of the isotherm 
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equation obtained f o r  the  desorption and adsorption systems a r e  shown 

i n  Table 43, 

e x i s t s  f o r  each system. 

f o r  NASA and the MOL (Karel and Labuza 1969) a l l  ca lcu la t ions  were 

made for the same package w e i  t and s i z e  (Tab e 4 3 ) ,  Other con- 

f igu ra t ions  can be e a s i l y  put i n to  Equation 2, 

sumed f o r  ca lcu la t ion  of weight loss tha 

a t  80°F and the ex te rna l  r e l a t i v e  humidity was SO%* 

weight ga in  the ex te rna l  r e l a t i v e  humidity was chosen t o  be 90%, 

Because of hys teres i s  a d i f f e ren t  slope and in te rcept  

For simplici ty  based on the  package systems 

It was fur ther  as- 

the  temperature was constant 

For ca lcu la t ion  of 

For any ca lcu la t ion  a c r i t i c a l  value a t  which the product i s  un- 

acceptable must be picked. 

stances these products w i l l  lase water, so t h a t  they become dry  end 

unpalatable, 

water content would be c r i t i ca r ;  f o r  the opposite condition, f o r  example, 

where the packages may be shipped t o  a southern climate or held i n  a 

high humidity warehouse, the c r i t i c a l  moisture can be evaluated a s  the 

point where microbiological growth could occur. 

t u r e  foods t h i s  l i m i t  i s  close t o  an A, = 0,80 t o  0.90 depending on 

the method o r  preparation and composition of the system a s  was shown pre- 

viously. For ca lcu la t ion  purposes the c r i t i ca  value i n  t h i s  study was 

taken a t  an Aw = O e 8 5 ,  

A s  discussed above under normal circurn- 

As a rough guess it was assumed t h a t  a 25% l o s s  i n  

For intermediate mois- 

Figure 17 shows the r e s u l t s  of the  calculat ions.  As would be ex- 

pected the f i lm permeance decreases as the  maximum storage l i f e  require- 

ment increases  i n  a hyperbolic function, Table 44 l ists  some ac tua l  



f i lm permeabili t ies f o r  various commercial f i l m s ,  

data i n  Figure 17 i t  can be seen khat the packaging requirement f o r  

one year s t a b i l i t y  can be eas i ly  met f o r  any s i tua t ion ,  I n  f a c t ,  the 

cheapest material ,  polyethylene, which i s  used extensively fo r  bread, 

would give overprotection, More permeable materia s such a s  nylon or  

mylar with various thicknesses could be used, 

Compared with the 

Figure 17 a l so  suggests t ha t  i f  the foods a re  protected against  

a 25% water loss, then they w i l l  be w e l l  protected against  i n f i l t r a t i o n  

of water and microbial decay, 

conversely a more permeable f i lm can be usedD These same t y p s o f  con- 

clusions should be applicable t o  the other foods within the same order 

of magnitude, 

The l a t t e r  requires  l e s s  protection or  

F!ith respect t o  oxidation, predict ion of packaging requirements i s  

not possible a t  t h i s  time, Simon e t  a l .  (1971) discussed the method- 

ology necessary f o r  t h i s  type of prediction, 

techniques available were not adequate to  give the same type of analy- 

s is  a s  f o r  moisture. What can be conc ded,however, i s  t h a t  since 

oxidation occurs rapidly,  a vacuum packaged system, with a low oxygen 

It was shown tha t  present 

i t y  fi lm, and low head space would be necessaryg 

V a CONCLUSIONS 

A ,  Introduction 

This study was designed t o  produce severa intermediate moisture 

foods and test t h e i r  s t a b i l i t y ,  

orat ion were presumed t o  be of importance t o  the storage of SMF. 

Both chemical and microbiological de te r i -  
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With respect t o  chemical s t a b i l i t y ,  l i p id  oxidation was studied i n  meat 

systems and non-enzymatic browning i n  f r u i t  type systems. To eliminate 

interferences from other  reactions,  enzyme a c t i v i t y  was followed i n  

a model system. 

end meat type products over a large pH range. 

Of primary importance t o  the study, the method of preparation was 

Microbiological growth was studied i n  various f r u i t  

tes ted,  

branch of the hys te res i s  loop on the sorption isotherm and another 

which took tha t  same food of similar so l ids  composition and brought 

it up the adsorption branch of the isothermc 

thus produced foods made simultaneously from the same batch t h a t  had 

s i m i l a r  so l ids  composition, the same water a c t i v i t y  but vas t ly  d i f -  

fe ren t  moisture contents. 

t i on  of the  e f f ec t  of water content as  well as  water a c t i v i t y  on r a t e  

control l ing de te r iora t ive  react ions i n  IMF systemsr 

Two methods were used, one t o  bring a food down the desorption 

The use of these two methods 

Thus t h i s  study a l so  allowed the determina- 

Before discussing each reac t ion  type it i s  important t o  r e i t e r a t e  

F i r s t l y  the function of water i n  dry and intermediate moisture foods, 

water has the a b i l i t y  t o  dissolve solutes  i n  i t ,  Secondly these solutes  

are  mobile i n  the water or  aqueous phase even down t o  a monomolecular 

coverage, 

mers such a s  proteins  making them more soluble and opening spaces be- 

tween them where they may have been i n  contact,  Lastly water a c t s  a s  

a medium fo r  chemical react ions a s  wel l  a s  par t ic ipa t ing  i n  react ions 

As a consequence of this,water a l so  p l a s t i c i z e s  large poly- 
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a s  e i the r  a bound moiety, a react ion substrate  or a product, 

consequence depending on the predominating mechanism water behavior 

i n  foods i s  very complex. 

As a 

B,  L;bpid Oxidation 

A study of l i p i d  oxidation was made i n  several  meat type products 

by following the development of peroxides and rancid off flavor.. 

be remembered a s  discussed i n  the Li te ra ture  Survey t h a t  water exer t s  

several  modes of act ion with respect t o  

Water exe r t s  antioxidant propert ies  a t  low Aw through hydration of 

ca t a lys t s  thus lowering t h e i r  a c t i v i t y  and by binding peroxides thus 

interrupt ing the chain react ionc 

(1970) and Labuza e t  a l ,  (1971) i n  the intermediate moisture range 

water a c t s  as a strong proxidant t h r o ~ g h  increased ca t a lys t  mobility 

and p lac t ic iza t ion  of polymers exposing new ca ta lys t  sites, The r e s u l t s  

It should 

ip id  oxidationa (Labuza 1970a). 

As was found by WeLdelb gh and Karel 

of Run 2 with the chicken/cellulose system confirm these pr inciples ,  

As seen i n  Table 16, without or with antioxidants added, humidification 

to  32% RH, near the  monolayer reduces the oxidation r a t e  s ign i f icant ly  

a s  compared t o  the very dry s t a t e e  

water, However, humidification t o  75% RH, i n  the DP range, causes the 

pro-oxidant e f f e c t s  of water t o  predominate causing even f a s t e r  oxida- 

t i on  than the dry s t a t e ,  

l i p i d  oxidation would be a primary de ter iora t ive  react ion i n  IMF sys- 

tems making them of limited stability, 

This i s  the protect ive e f f ec t  of 

This thus confirmed the previous work tha t  

The most s ign i f icant  f inding i n  t h i s  study was t h a t  i n  systems 
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without antioxidants,  the method of preparation of the 7[pIF grea t ly  

affected the r a t e  of oxidation, Table 45 swnmarfzes the results of the 

f i v e  runs i n  which l i p i d  oxidation was studied, 

with the d i r e c t  mix procedure, t yp ica l  of most current  manufacturing tech- 

niques f o r  IMF, maximum s t a b i l i t y  f o r  foods was usua ly less than one 

month. 

method t o  the same water ac t iv i ty ,  thus having a ower moisture con- 

ten t ,  the s t a b i l i t y  of he food increased €rom three t o  s i x  times, 

Thus foods of a t  l e a s t  4 to 6 months s t a b i l i t y  can be made by the  IMF 

techniques without antioxidants,  

It can be 8een tha t  

However, when the same food was prepared by the  adsorption 

Several expk ia t ions  f o r  the unusua e f f ec t  of moisture content 

are  plausible ,  

i n  the  adsorption process causes the destruct ion of membranes protect-  

ing the l i p i d s  and re leases  them t o  become more susceptible to  oxida- 

t i on  a s  what happens i n  spray-dried milk, However, a s  was shown, they 

a re  oxidized much more S P Q W P ~  thus eliminating t h i s  poss ib i l i ty ,  

i t  i s  a l so  plausible  t h a t  a t  the higher water content (d i rec t  mix system) 

diffusion t o  the s i t e  of in te rac t ion  takes  longer, Again, the d i r ec t  

mix system oxidizes f a s  er so t h a t  th i s  is not the  casee 

It i s  possible tha t  t he  freezing and drying involved 

Secondly, 

The opposite could a l so  be t rue,  T t  i s  psssib e t ha t  the presence 

of glycerol i n  the aqueous environment increases the  viscosi ty  of the 

l iquid phase thus decreasing t e r a t e  sf di f fus ion  of oxygen to the 

react ing l i p i d  s i t e ,  Thus the adsorption systems with less water 

would oxidize slower because of the decreased diffusion coef f ic ien t  of 

oxygen which i s  inversely proportional t o  viscos i ty ,  Table 46 l i s t s  
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the  v i s c o s i t i e s  of the aqueous phase f o r  Runs 4 and 7 assuming only 

water and glycerol  a re  involved. 

about 2 times larger  f o r  a l l  the  freeze-dried systems a s  compared t o  

the desorption Systems. 

ferences shown, however, from Table 45 it was seen tha t  the r a t e s  were 

It i s  seen t h a t  the v iscos i ty  i s  

Thus t h i s  can account f o r  a pa r t  of the d i f -  

from three t o  s i x  times slower. Therefore other  f ac to r s  must a l s o  be 

of importance. 

The other  p o s s i b i l i t y  accounting f o r  the  major difference i n  oxi- 

dation r a t e s  i s  based on the f a c t  t h a t  the grea te r  amount of water 

present a c t s  a s  a pro-oxidant i n  the d i r e c t  mixed system, A s  discussed 

above,the water can p l a s t i c i z e  and expose new c a t a l y s t s  on polymer 

chains and mobility of c a t a l y s t s  may be enhanced especial ly  i n  the lower 

v iscos i ty  system, 

tem would thus enhance the r a t e  of ox ida t ion  a s  was observed. 

With the greater  water content swelling of the  sys- 

With respect t o  antioxidants,  the addi t ion of e i t h e r  BHA o r  EDTA 

wouldenhance storage l i f e  of IMF systems thus making them of coamer- 

c i a1  significance,  I n  Table 47 a re  comparisons of the times t o  reach 

ranc id i ty  for  the IMF systems with and without antioxidants added. 

Only BHA, c i t r i c  acid and EDTA were studied a s  these were found t o  

have the best  antioxidant e f f e c t s  i n  NAS 9-9426. I n  most t e s t s  a s  shown 

i n  Table 47 a guess had t o  be made a s  t o  the time fo r  ranc id i ty  i n  most 

systems since not enough samples were avai lable  t o  carry the experi- 

ment through the long times, These estimates a re  based on r e l a t i v e  

times t o  reach the same peroxide value and r e l a t i v e  r a t e s  of oxidation 
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No quant i ta t ive  formula was used, however. 

As seen i n  Table 47, BHA a s  a primary antioxidant i s  a very ef-  

f ec t ive  additive. Use of BHA would allow f o r  over 6 months s t a b i l i t y  

of chicken systems and possibly 5-6 months f o r  pork systems. The ef- 

fect iveness  seems t o  be very dependent on the water activity-moisture 

content of the system but no general pa t t e rn  can be found from the 

data collected,  EDTA and c i t r i c  acid a s  chelat ing agents a re  l e s s  

e f fec t ive  antioxidants a s  was found i n  NAS 9-9426. This i s  most l ike ly  

due to  these compounds being t i e d  up by protein bound metals, 

I n  summary,lipid oxidation occurs a t  a s ign i f icant  r a t e  i n  IMF 

systems and through the control  of the  method of manufacture and the 

addition of BHA a s  an antioxidant,  a t  l ea s t  s i x  months s t a b i l i t y  should 

be expected, 

the samples stored i n  a i r ,  tha t  is, no protect ive b a r r i e r  was present. 

By the use of vacuum packaging and a f i lm low i n  oxygen permeability, 

these foods would have the desired one year shelf l i f e .  However, 

fur ther  s tud ies  would be needed t o  confirm t h i s ,  

It should be noted t h a t  these s tud ies  were made with 

It can be seen,however, from Table 25A t h a t  the commercially mar- 

keted dog food IMF system i s  s tab le  for a t  l e a s t  2 months a t  37"C, f o r  

both the  d i r ec t  mix and freeze-dried preparations, This s t a b i l i t y  most 

l i ke ly  i s  due t o  the excellent choice of both BHA and c i t r i c  acid a s  

antioxidants i n  the system. These foods probably have a t  l ea s t  6 

months shelf  l i f e  and under good packaging conditions probably one year. 
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With respect  to  pigment oxidation a s  previously noted, (Martinez and La- 

bum, 1968), the pa t t e rns  found i n  the past  seem t o  p a r a l l e l  l i p i d  

oxidation. 

i n  two vegetable IMF systems were destroyed rap id ly  no matter what 

treatment with ant ioxidants ,  method of preparation, o r  water a c t i v i t y  

I n  these s tud ies  i t  was found that the carotenoid pigments 

was used. 

a s  described above. 

data and fu r the r  work would be needed. 

storage l i f e  of vegetable 'IMF systems would be extremely short ,  Re- 

duction of oxygen tension by packaging might increase the  shelf l i f e  

This did not follow the pa t te rn  shown for l i p i d  oxidation 

No plaus ib le  explanations could be made from the 

However, it would seem tha t  

to  6 months but t h a t  i s  pure speculation. With green vegetables,  a s  

was studied by La J o l l a  e t  a l .  (1971) chlorophyll  loss i s  so le ly  de- 

pendent on moisture content and the  absense of oxygen makes no d i f f e r -  

ence. I n  t h a t  study a t  75% RH chlorophyll  was degraded i n  less than 

one month i n  both spinach and model systems. 

C. Non-enzymatic Browning 

Non-enzymatic browning i n  the intermediate moisture range was 

studied i n  several  f r u i t  type systems, A s  was discussed fo r  many foods, 

a maximum i n  r a t e  e x i s t s ,  i n  the IMF range (Labuza 1970a). This i s  

a t t r i hu ted  t o  the  f a c t  t h a t  a t  some Aw o r  moisture content, a s  many of 

the so lu tes  a s  possible  a re  dissolved and above tha t  value fu r the r  in- 

creases  i n  moisture d i l u t e  the reac t ion  thus slowing the r a t e .  

addi t ion both Loncin e t  a l .  (1968) and Eichner (MIT unpublished work) 

believe tha t  water e x e r t s  a re ta rd ing  influence on the reac t ion  

I n  
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because of product inhibit ion.  

of glucose and amino acid mixtures i n  various solvents mixed with water, 

the higher the  concentration of water, the slower the r a t e .  

Eichner found i n  s tudies  of salut ions 

I n  foods, as the  water content-water a c t i v i t y  i s  increased, the 

r a t e  increases t o  a maximum then f a l l s  i n  the intermediate moisture 

range (Labuza, 1971). Thus it seems t h a t  water, which is a product of 

non-enzyrnatic browning, causes product inhibit ion.  However, since 

water i s  necessary to dissolve and mobilize r eac t an t s  i n  a sol id  food 

system, the product inh ib i t ion  of water does not occur u n t i l  the moisture 

content reaches a ce r t a in  level.  This r e s u l t s  i n  the maxima found i n  

the non-enzymatic browning curve f o r  foods, 

ed system i s  much higher i n  moisture content than the dr ied system, 

product inh ib i t ion  should be greater  and the r a t e  of browning slower 

than fo r  the adsorption prepared foods, 

e f fec t  described above f o r  l i p id  oxidation. However, the presence of 

a greater  concentration of glycerol or humectant i n  the adsorption 

syster 

reactants.  Thus t h i s  would counterbalance the  enhanced r a t e  due t o  

a lover water concentration and no general  trend can be predicted f o r  

any IMF system on an Ita p r ior i "  basis .  

Thus, since the d i r ec t  mix- 

This would be opposite t o  the 

increases the v iscos i ty  and thus slows the d i f fus ion  r a t e  of 

The r e su l t s  Eound tend t o  confirm the above conclusions but are  

d i f f i c u l t  t o  in te rpre t  because of the d i f f i c u l t y  found i n  measuring the 

amount of brown pigment formed. In Run 3 (Table 29) with applesauce f o r  
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example i t  can be seen t h a t  a t  both an A, = 0.61 and 0.75 the  freeze- 

dried system (adsorption) browns f a s t e r  by 2 t o  3 times, It i s  a l so  

apparent t ha t  browning i s  f a s t e r  a t  an A This supports the 

f a c t  t ha t  it is concentration of reac tan ts  and of water t ha t  is con- 

= 0.61. 
W 

t ro l l i ng  the rate.  The v iscos i ty  e f f e c t  does not seem t o  be apparent 

since the Lower A and lower moisture contents a l l  browned f a s t e r .  It 

i s  obvious,however, from t h i s  t e s t  t h a t  overa l l  s t a b i l i t y  i s  less than 
W 

4 months, 

In  Run 8 with bananas the differences were much smaller than fo r  apple- 

sauce (Table 2 9 ) .  The same trend exis ted i n  tha t  less water i n  the 

system accelerated the r a t e  but i n  t h i s  case the amount of water  may 

have been such t h a t  i t s  concentration of reac tan ts  may have been high 

enough in  both systems t o  cause about the same amount of product 

inhibi t ion,  

than three months acceptabi l i ty ,  

A s  was noted s t a b i l i t y  of a l l  products was poor with l e s s  

An addi t ional  test on applesauce 

(Run 10) was inconclusive due t o  d i f f i c u l t y  i n  analysis  of the pigment. 

In conclusion it has been found tha t  the amount of water exer t s  

the opposite influence on react ion r a t e  for non-enzymatic browning a s  

compared t o  l i p id  oxidation. Thus the  adsorption systems brown f a s t e r  

due to l e s s  product inh ib i t ion  by water, 

d u c t  dependent as  i t  was with l i p i d  oxidation, Unfortunately browning 

even a t  37OC w a s  f a s t  enough t o  l i m i t  s t a b i l i t y  t o  l e s s  than three t o  

four months. 

The extent of t h i s  is very pro- 

I f  a reducing sugar humectant: had been added i t  would 
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have been much less. It would seem therefore tha t  these products 

w i l l  have t o  be heavily su l f f ted  to give over s ix  months s t a b i l i t y ,  

D,  Enzyme Activi ty  

The r e s u l t s  of the enzyme study were not very conclusive since 

most of the systems reacted a t  the  same ra te .  This could be expected 

on the following basis ,  Theoretically the r a t e  should increase with 

A due t o  mass action. However, a s  the moisture increases,  the re- 

actants  get di luted thus slowing the ra te .  I n  addition the r a t e  i n  

the adsorption system should be f a s t e r  due to  the lower moisture level.  

However, the higher v iscos i ty  of t h i s  system might slow diffusion,  

Based on t h i s  there might be very l i t t l e  difference between e i t h e r  

A or  preparation method i n  the intermediate moisture range a s  has 

been found. Further s tudies  would be needed t o  confirm th is .  

W 

W 

E,  Microbiological Growth 

The most s igni f icant  f indings of t h i s  study are  the e f f e c t s  of 

processing methods on microorganism growth. 

v i t y  has been discussed i n  d e t a i l  i n  the Li te ra ture  Survey section. 

I n  br ief  there has been found €or each type of organisrr 

water a c t i v i t y  below which i t  w i l l  not grow. 

ranges of the growth minima, growth i n  intermediate moisture foods 

should be limited t o  yeas ts  and molds. Their extent of growth i n  turn 

should be effected by the pH of the system, nut r ien t  ava i l ab i l i t y ,  

and presence of growth inhibi tors .  

I n  the  preliminary tests (Runs M through 3M) using mold a s  the 

The e f f ec t  of water ac t i -  

a minimum 

Because of chis  and the 
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t e s t  organism i n  various foods, the d i r ec t  mixed food showed the ex- 

pected pat tern,  w i t h  no growth o c c u m  below an A When 

samples of these foods were frozen, freeze-dried and rehumidified 

a f t e r  the addition of the' spores, growth was e i t h e r  seriously hinder- 

ed or the organisms were e i the r  t o t a l l y  k i l l e d  or died soon i n  storage. 

This was a t t r ibu ted  to the various osmotic and physical s t r e s ses  the 

organisms underwent i n  the process, 

would be an adequate method t o  reduce spoilage of an IMF. 

= 0.70. 
W 

It a l so  showed tha t  t h i s  technique 

In  Run 4M several  d i f f e ren t  organisms were tes ted  using the same 

methodology a s  i n  the previous t e s t s ,  

t o  reduce the pH stress t h a t  might have been present,  

vious tests the mold grew down to a leve l  of A, = 0.68 i n  the d i r ec t  

mix system, 

about 2 log cycles of k i l l  occurred r e f l ec t ing  the stresses involved. 

Yeast, because of a shorter  generation time, grew rapidly down t o  A, = 

0.8 somewhat lower than would be expected from Table 5 .  

ple te ly  k i l l e d  i n  the adsorption preparation system thus indicat ing a s  

above tha t  t h i s  would be a usefu l  technique to obtain i n i t i a l  l o w  

counts. Pseudomanas organisms, which might cons t i tu te  a natura l  con- 

taminant i n  meat products,were unable to  grow a t  any conditions and 

i n  f a c t  completely disappeared i n  seven days. 

expected f o r  a gram negative organismr 

cant organism tested was Staph. aureus which showed no growth under 

A banana system was used,however, 

As i n  the pre- 

With the  adsorption process even a t  a higher pH (- 4,5-5) 

They were com- 

This is a s  would be 

The only public hea l th  s ign i f i -  
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the conditions tes ted.  The growth inh ib i tor ,  potassium-sorbate, was 

very e f f ec t ive  i n  a l l  systems but propionate was not ,  probably because 

of the low pH, 

The f i n a l  r e s t  i n  the preliminary s e r i e s  (Run 5M) was run with 

molds only because they showed the most res i s tance  of any of the orgen- 

isms, 

can multiply i n  the d i r e c t  mixed IMF system down t o  an Aw = 0.68 but 

do  not grow i n  the freeze-dried rehumidified system even a t  A, :: 0.9, 

These s tudies  thus suggested tha t  t he re  was severe damage.occurring to  

the organism a s  studied by Mazur (l966), Merryman (1966), and Sinskey 

e t  a l .  (1970) which under the lower than optimum growth & could not 

be repaired,  Thus the adsorption technique although expensive would 

The r e s u l t s  were s imilar  to  the previous tests i n  tha t  the  molds 

be a usefu l  technique f o r  making 'XMF systems s t ab le  t o  microbiological 

de te r iora t ion ,  

Another important f ac to r  could a l s o  be responsible f o r  the  d i f -  

It i s  possible  t h a t  Aw alone i s  not the  c r i t i c a l  ferences observed, 

fac tor  i n  c e l l  mul t ip l ica t ion  a s  suggested by Scot t  (1957) but t h a t  

water content may be as  important. The r e s u l t s  of the chemical de te r i -  

o ra t ion  s tudies  support t h i s  f ac t .  

growth the  proper t ies  of water such as  disso lu t ion  of solutes ,  mobility 

of chemical cons t i tuents ,  chemical r e a c t i v i t y  and a s  a media f o r  re- 

ac t ion  a r e  j u s t  a s  important. Thus the remaining experiments were de- 

signed to  test  microbial growth minima but without subjecting the  or- 

It .is obvious t h a t  for microbial 
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genisrns to  the s t r e s ses  of freezing, drying and rehumidiffcation, 

I n  these f i n a l  s tudies  (Runs 6M and RI), i t  was found tha t  there  

i s ,  i n  f a c t ,  a control l ing influence of water content on microorganism 

growth, 

ture  contents using the desorption and adsorption techniques were in- 

oculated with various t e s t  organisms, 

in jec t ion  of a minimum volume of c e l l  suspension t o  the dried IMF system. 

The conclusions drawn from studies  i n  benana (pH 4-4,5) and pork (pH -7) 

IMF systems show tha t  f o r  a l l  types of organisms including a mold, yeast ,  

pseudomonad species and staph type species, the minimum A for the 

adsorption system i s  greater  then 0.9 whereas the minimum growth A, 

for the desorption systems i s  near the values predicted by Scott (1957) 

and Bone (1969)‘ 

Systems prepared t o  similar water a c t i v i t y  but d i f f e ren t  mois- 

The organisms were added by 

W 

These r e s u l t s  are l i s t e d  i n  Table 46, These t e s t s  a l so  showed t h a t  

a t  the IMF water a c t i v i t i e s  many organisms can be present but w i l l  not 

grow. This may be important i n  assessing the microbiological qua l i ty  

of IMF systems especial ly  with respect t o  public hea l th  organisms. 

foods a re  prepared by the  adsorption process, however, they should pose 

no microbiological problem even without addition of a growth inhibi tor .  

On the other  hand desorption prepared foods e i t h e r  need a growth in-  

h ib i to r  or  must be kept a t  the low Aw end of the  intermediate moisture 

range. Thus a s  was shown i n  Runs 8M and 9M with a laboratory prepared 

dog food, a t  low Aw (0.6 t o  0.7) no measurable growth occurs even with- 

out K-sorbate present. However, the organisms do not disappear com- 

If 
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ple te ly ,  about a l o s s  of 1 log cycle occurs over a 4 t o  6 week period, 

s i m i l a r  t o  the data of Hol l i s  e t  a l .  1968. The presence of 1-3 butane 

diol ,  however, a s  a humectant i n  place of sugar completely k i l l ed  a l l  

the organisms, 

the c e l l  with bursting. 

This could have been due to  increased permeation of 

F. Packaging Requirements 

It has .shown t h a t  packaging requirements f o r  maximizing shelf l i f e  

could be e a s i l y  predicted based on standard procedures. Moisture loss 

with a resu l tan t  l o s s  i n  pa l a t ab i l i t y  i s  of primary concern. F i lms  

current ly  avai lable  i n  the market can meet the needs adequately f o r  

a one year shelf  l i f e  requirement. With respect  t o  oxidation, f i lms 

o f  low oxygen permeability would have t o  be used a s  wel l  a s  seal ing 

OP the package under vacuum. 

G, General Conclusions 

Overall i t  has been found tha t  intermediate moisture foods a r e  

f a i r l y  unstable systems a s  was suggested by the  s t a b i l i t y  map (Figure 

2 ) .  With respect  t o  l i p i d  oxidation, ranc id i ty  occurs i n  under three 

months unless  antioxidants a re  present,  

takes place causing unacceptabili ty i n  under three  months. These 

react ions thus l i m i t  storage l i f e  unless  special  procedures are used, 

Microbial decay i s  bas ica l ly  limfted t o  molds and yeast ,  since most 

bacter ia  d i e  out rapidly a t  the  water a c t i v i t i e s  used, 

sorbate is usefu l  i n  control l ing the growth of the  molds and yeast  and 

thus increase storage l i f e ,  

Non-enzymatic browning a l s o  

Potassium 



The most s ign i f icant  f inding of t h i s  study i s  tha t  the method 

of manufacture has an important influence on the r a t e  a t  which the  

de te r iora t ive  react ions take place, It was shown tha t ,  because of 

sorption hysteresis ,  a food of s imilar  solids composition,similar water  

ac t iv i ty ,but  vas t ly  d i f f e ren t  water content could be prepared by fo l -  

lowing a desorption vs, an adsorption process* With respect t o  these 

techniques, l i p i d  oxidation proceeds 3 t o  6 times f a s t e r  i n  the higher 

moisture system (desorption), non-enzymatic browning about 1.5 to  2 

times slower i n  the desorption system and microbial growth minima a r e  

much higher fo r  the adsorption prepared systems. From a technological 

standpoint these t e s t s  suggest the t  by using the adsorption process 

an IMF food with a shelf l i f e  of over one year can be made f o r  human 

consumption. However, fu r the r  tests are  needed to  confirm th i s .  

Packaging requirements for foods with one year shelf  l i f e  can be 

met eas i ly  with mater ia ls  and methods presently available.  
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TABLE 1 

IMF MANUFACTURE 

DIRECT MIX - DESORPTION PROCESS 
Moist Food 4- Dry Ingredients 4- Humectant------ )Cook Extrude 

or 

Semi-liquid Food Blend + HUmectaRr-----=------ )Semi-solid 
or 

Moist Food -k Soak Infusion Solution----------- >Cook- soak 

ADSORPTION PROCESS 

Dried Food + Humectant Soak Solution---------- +Semi- solid 

Dried Food -t Dry Humectant----- )Humidif ied----)Semi- solid 
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TABLE 2 

Mola l i t i es  of Some Solutes f o r  Various Values of Aw a t  25OC 

Idea l  Value Na C1 Sucrose Glycerol A, 

0.995 

0.990 

0.980 

0.960 

0 . 940 

0.920 

0 . 900 

0 . 850 

0 e 800 

0,750 

0.700 

0.650 

0,281 

0.566 

1.13 

2.13 

3.54 

4.83 

6.17 

9.80 

13 . 90 

18.50 

23,8 

30.0 

0.300 

0.600 

1.214 

2.406 

3 -44 

4.62 

5.66 

8.06 

10.30 

0.272 

0.534 

1.03 

1.92 

2.72 

3.48 

4.11 

5.98 

0.277 

0,554 

1.11 

2 - 2 1  

3.32 

4.44 

5 - 5 7  

8,47 

11.5 

14.8 

18.3 

22.0 
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TABLE 3 

Solutes  Used a s  8 Water Binding Agent 

Minimum k, Achievable Reference 
Solubility (25OC) 

% Solutes 

NaC 1 58 0.75 (Olynk and 
Gordon 1943) 

Sucrose 354 0.85 (Scott 1957) 

Fructose 180 0.63 

Glucose 180 

Glycerol 92 miscible limited by t a s t e  (Miner and 
Dalton 1953) 

Amino Acids 1001200 0.01-0.2 

Ethanol 46 miscible limited by taste  

1-3 Butene 90 miscible limited by taste  
Diol 
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TABLE 4 

Some Commercial and Tested Intermediate Moisture Food Systems 

Food A m.c. Method Binding References 
w Agent 

Chicken 

Carrots 
( s l i c e s )  

Apple 
( s l i ce s )  

Tuna 

Carrots 

Pork 

Celery 

Meat Pet 
Food 

Pie 

Peanut 
Butter 

Cat Food 

0.78 

0,77 

0,72 

0.. 8 1 

0,81 

0.81 

0.83 

0,80 

0,82 

0.70 

0.85 

27,8 adsorption glycerol Hol l i s  e t  ax. 
(1968) 

39.3 adsorption glycerol Hol l i s  e t  a l ,  
(1968) 

25.0 adsorption glycerol Hol l i s  e t  a l .  
(1968) 

38.8 desorption glycerol Brockman (1970) 

5.15 desorption glycerol Brockman (1970) 

42.5 desorption glycerol Brockman (1970) 

39.6 desorption glycerol Brockman (1970) 

25 mixed sucrose Burgess (1965) 

30 mixed sucrose Toast'em 

20 mixed sucrose Space Food St icks  

34 mixed sucrose Tender V i t t l e s  
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TABLE 5 

Approximate Lower Limits of Aw for Microorganism Growth 

Organism Minimum 45 

Bac ter €a 

Yea st s 

Molds 

Halophilic bacteria 

Xerophilic fungi 

Osmophilic yeasts 

0.91 

0.88 

0.80 

0.75 

0.65 

0.60 
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TABLE 6 

Semi- solid Foods Used 

B. Gerber's Baby Food: Carrots 

C. Gerber's Baby Food: Chicken 

D. Swift's Baby Food: Pork 

89,5% H20 
0.3% €at 

77% H2O 
10% fat 

78.1% H20 
11.8% fat 

E. Gerber's Baby Food: Bananas/Tapioca 77.6% H20 

F. Gerber's Strained Sweet Potatoes 83.3% K2O 
0.6% fat 

G o  Lucky Leaf Pumpkin Pie Mix 89% €I20 .. pH 4 ,3  
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TABLE 7 

IMF Food S t a b i l i t y  Test Systems 

RUN # COMPONENTS - 
1. 

Applesauce 

2. 

% USED I N  PREPARATION 

A, = 0.95 
97-3- 

Glycerol 2 e 8  
M =: 2,7 g H20/g so l id s  
Tested a t  37*, 44*, and 53°C 

Gerber's Chicken 27.4 - (see Table 9) 
Microcrystall ine Cellulose 53.4 - ( I' "1 
Glycero 1 19.2 .. ( I' " 9 

Aw = 0.61 0.75 
36 58 

3 .  
Apple sauce 
Glycerol 64 42 
Moisture Content(g H20/g so l ids )  
Direct  Mix 0.39 0.84 

*FD - Rehumidify 0.25 0.40 

4 ,  Aw = 0.61 0.75 
Gerber Chicken 41.1 62.3 

Moisture Content(g H20/g sol ids)  
Direct Mix 0.47 0.93 
FD - Rehumidify 0.26 0.48 

Glycerol 58a6 37e7 

5 ,  
Carrots  

A, = 0.61 0.75 
35,5 52.8 

G lyc e ro  1 64.5 47.2 
Moisture Content (g H20/g sol ids)  
Direct Mix 0.47 0.90 
FD - Rehumidify 0,20 0.36 

* Refers t o  adsorption system - freeze-dried and rehumidified. 
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TABLE 7 
(Continued) 

XMF Food S t a b i l i t y  Test Systems 

BUN # COMPONENTS % USED IN PREPARATION 

6 ,  
Pork 

A = 0.7s o a4 
6401 79.3 

w - 6  

Glycerol ’ 35,9 20.7 
K-Sorbate 0.2  0 .2  
Moisture Content(g H20/g sol ids)  
Direct Mix 1.00 1.55 
FD - Rehumidify 0.38 0.58 
Treatments include 200 ppm BHA ( f a t  basis) ,  t O Q  ppm EDTA 

(sol ids  basis) ,  control,  

7. 

a. 

Pork 
Same a s  Run 6 except 0.3% K-Sorbate used, 

= 0.61 0.75 
79,s *w ’5”03” - Bananas/Tapioca 

Glycerol 50 20,5 
K- Sorba t e  0.3 0.3 
Moisture Content(g H20/g sol ids)  
Direct Mix 0.69 1.74 
FD - Rehumidify 0.27 0,42  
Treatments include storage a t  37OC, 44”C, and 55°C 

9, 
Sweet Potato 

Aw =I 0,61 0.75 
21.3 36,O 

Glycerol 78 ,7  64.0 
Moisture Content(g H2O/g solids) 
Direct Mix 0.36 0.72 
FD - Rehumidify O,l8 0 ,34  

10 * 

11. 

12 9 

13 e 

Aw = 0.90 0.75 0.61 
a7,8 74,7 57.7 35.7 Apple sauce 

Glycero 1 12.2 25 ,3  42 ,3  64,3 
K-Sorba t e  0.3 0,3 0.3 0.3 
Moisture Content(g H20/g sol ids)  
Direct Mix 2.1 1.43 0,90 0,46 
FD - Rehumidify 0.96 0.69 0.57 0.33 

Infusion Diced Chicken System 
(See Table 10) 

Enzyme Study (See Table 11) 

Commercial Pet Foods (See Table 12) 



TABLE 8 

IMF Composition - Microbiological Studies 
- RUN # COMPONENTS % USED IN PREPARATION 

A 0.85 0080 0.75 Oe70 " 76 67 60 55 
lM 

Pumpkin Pie Mix 
Glycerol 24 33 40 45 
System C A B C D 
Moisture ContentS(g H20/g solids) 
Direct Mix 2.06 1448 1.14 0.96 

FD - Rehumidify 
System A 
System D 

= 009Q 0.84 0.75 0.61 
1.08 0.69 0.48 0,32 
--.-.I- 

0184 0.64 0.S2 0133 

2M 

3M 

4M 

Aw = 0,85 0.80 0.75 0.70 
Freeze-dried Chicken Dice 
(Eastern Freeze-dried Foods) log log log log 
Water* 25 23 20.7 18 
Glycerol 5 7 903 12 
Salt 2 2 2 2 
MBT Chicken Soup Base 3 3 3 3 
Moisture Contents(g &O/g solids) 
Direct Mix 1.25 1,05 0.85 0,67 

FD - Rehumfdify 
System* 

Aw F- 0,90 0484 0.75 046L 
1.15 0,84 0,55 0.29 
A B C D 

*%en mold suspension added this is subtracted from total water, 
A, = - 0.85 

75.5 Pumpkin Pie Mix 
Glycerol 24,5 
Freeze-dried held at Aw = 0.84 and 0.90 

A = 0,85 0.80 0.75 0068 
Gerber's Benana/Tapioca 100 88.3 78,4 66,7 w - - - -  

Glycero 1 0 11.3 21.6 3343 
Moisture Contents(g H20/g sol ids)  
Direct Mix 3,46 2,20 1,55 1.07 
F1> - Rehumidify 0.7 0.5 044 0.3 
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TABLE 8 
(Continued) 

IMF Composition - Microbiological Studies 
- RUN # COMPONENTS % USED IN PREPARATION 

SM 
Aw = 0.90 0.85 0.80 0,75 0.68 - 

83.3 100 88,7 78.4 66.7 Banana/Tapfoca 
Glycero 1 0 0 11.3 21,6 3?,3 
Water Added 16,7 - - - - 
Moisture Contents(g HZO/g s o l i d s )  
Direct Mix 4.36 Same a s  Run 4M 
FD .. Rehumidify 0,90 11 I1 

6M Same as Run 5M 

7M 
A = 0,68 0.75 0.84 O,9 

64,1 79,3 100 
_c 

Pork 
G ly c er o l 47,8 35,9 20.7 0 
PN 6.85 6,95 7,25 7 b o  

Moisture Contents(g H O / g  so l ids )  
Direct Mix 2 0,81 1.00 1.63 3.57 
FD - Rehumidify 0,32 0.45 0,70 0,90 

8M Laboratory Dog Food System (See Table 13) 

9M Laboratory Dog Food System (See Table 14) 
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Special Systems Run 2 

- RIM # COMPONENTS TWAZMFINTS 

2 Chicken 27,4% A - Control 

Cellulose 53.4% B ... 200 ppm BHA/g f a t  

Glycerol W,2% C - 100 ppm citric ecid/gram solids 

0.75 
_II 

0,32 Moisture Contents Aw = 0,01 - 
g S,0/100 g solids) 0,22 2.67 15.2 
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TABLE 10 

Diced Chicken. Infusion Method, Run 11. 

Fresh Raw Chicken Meet 75% H20 f t o  1" dice 

IT. Infusion solut ion (grams) 

Glycerol 
Water 
N a C l  
MBT Dry Chicken Broth 
K- Sorba t e 

k, = 0,85 0.75 0.61 

39 157 5 14 
5 14 392 39 

15 15 15 
27 27 27 
?,6 3.6 ?,6  

111. Combine 200 g.chicken with t o t a l  infusion solution. Heat t o  

96-99°C and cook for 15 min, Soak overnight i n  solution i n  

r e f r ige ra to r ,  

IV. Moisture Contents (g H20/g sol ids)  

*w Direct Mix - 
0,85 
0,75 
0,61 

1.70 
1,17 
0,20 

Freeze- dried 

0,52 
0.36 
0.19 

- 111- 



TABLE 11 

Enzyme Study. Run 12 

0.61 & 0 51  - 0.75 COMPONENTS Aw= - 0.84 - 
Corn Oil (wesson) 5 gms 5 p s  5 gms 5 gas 

Cellulose (Avicel) 50 50 50 50 

G lyce ro 1 40 57 e 5  75 80 

Water 59 41,5 24 19 

Enzyme Solution* 1 1 1 1 

*(0,016 g l ipase  in 1000 r n l  H20 pH 8.5)  

Moisture Cantent 

Direct Mix 0.63 0,38 0.19 0.15 
(g H*O/g s o l i d s )  

Freeze-dried 0.46 0.37 0,20 0.15 
(g H20/g s o l i d s )  
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TABLE 12 

Pet Food Compositions, Run 13 

Gaine's Prime General Foods 
Dog Food 45 = 0.75 f o r  sample a s  is 

m = 0.27 g HZO/g so l ids  

Ingredients: 

Beef and Beef by products, 
Soy Grits, Sucrose, Soy Meal, 
Propylene Glycol, Ca(P04) 

Mono-Di-Glycerides with BHA and c i t r ic  acid i n  glycol, 
CaC03, Chicken by products, K-Sorbate, 
A r t i f i c i a l  Coloring, Vitamin Mix, Garl ic  Powder, 
Fat  Content 7%, 

Soy Hull 2%, 
Animal f a t  with BHA, Drie 3, Whey, S a l t  1,2%, 

Cat Food - Purina Tender V i t t l e s  Liver Flavor 

% = 0,83 €or sample a s  i s  

m 0,51 g R20/g so l ids  

Ingredients: 

Poultry by product meal, Ground yellow corn, Corn gluten, 
Soy meal, Chicken, Wheat f lou r ,  Propylene glycol, Animal 
f a t  with BHA, Liver, Dried .yeast, Whey, Phosphoric acid,  
Sa l t ,  Glycerol monostearate, Onion powder, A r t i f i c i a l  color, 
Vitamin mix, Fa t  Content 7%. 
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TABLE 13 

IMF Dog Food Composition 1 Run 8M 

A. Control 

Hamburger 
Soy Flour 
Non-Fat Dry Milk 
Calcium Phosphate 
Crisco 
NeC 1 
FDC #2 Red Lake Dye 
Garlic Powder 

Aw = 0.60 
prams 
.32 , 
20  
15 
3 
1 
1 
0 006 
0-2 

Basic Ingredients 

Sucrose 24-5 
IC-Sorba t e 0.3 
Propylene Glycol 2 *O 
Atmul 80 1.0 

B. Control - No Sorbate 

Same as A but  no sorbate. 

BD c *  - 

Additives 

A = 0.62 
W 

45 = 0.63 

Same as A except 27.8 grams 1-3 butane d i o l  replaces sucrose, 
sorbate, propylene glycol and A t m u l ,  

D. Sucrose - BD 

Same as A except 12 grams sucrose and 15.8 grams butane d i o l  
replaces additives. 

m = 0.18 g H20/g solids i n  a l l  systems, 

- 114- 



TABLE 14 

W Dog Food Composition I1 Run 9M 

grams 
A ,  Control 

Hamburger 47 
Sop Flour 10 
Non-fat dry milk 10 
Calcium Phosphate 3 
Crisco 1 
NaC 1 1 
FDC #2 Red Lake Dye 
Garl ic  Powder 0.2 

0,006 

Sucrose 24.5 
K-Sorbate 0.3 
Propylene Glycol 2 00 
Atmul 80 1.0 

B. Control - so sorbate 

Same as A but no sorbate added. 

%, = 0.68 

Basic Ingredients 

Add it ive 

% 0.68 

c o  Jg - A, = 0.65 

Same as  A except 28,8 g 1-3 butane d i o l  replaces  a l l  additives.  

D, Sucrose .. BD A, = 0.66 

Same as A except 14.4 g sucrose and 14,4 g 1-3 butane d i o l  replaces  
add it ive s . 
m = 0.31 g H2O/g sol ids .  
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TABLE 15 

T e s t  Cbnditions. Run 4M 

Saturated 
Sa l t  

So lu  t ion m l  of Ornanism Solution Added t o  300 g Food 
5 0.85 K2Cr04 0.66 m l  of lo7 organism/cc - 10 /g  food so l ids  

0.80 (m4)*S04 0.60 m l  II I t  fI II 

t t  I 1  I t  11 0-75 NaC 1 0,53 m l  

0.68 SrC12 0.45 m l  II I t  

Organisms Tested 

Code - 
mold - Aspergillus niper 

yeast  - Candida U t i l i l u s  

bacter ia  - Pseudomonas f r a g i  

pathogen - Staphylococcus aureus 

mixture - each of the above four 

cont ro l  - no organisms added 

sorbate - mixture of each plus  0.3% K-sorbate on total 
weight bas i s  

I t  

propionate - mixture of each p lus  0.3% Ca-propionate on 
t o t a l  weight basis. 
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TABLE 16 

Run 2 Chicken/Cellu lose/Glycerol System 

Oxidation Rates 

(p1O2/grarn) Per Day 

32%W 

Control 0,588 0,368 

1OOppm c i t r i c  acid 0.395 0,289 

- a, l%W 

200ppm BHA 0,167 0,100 

Citric Acid 

BHA 

Protective Factors* 

eo, 1%RH 32%N 

1.5 1.3 

3.5 3.7 

75%RH 

1.00 

0,737 

0.233 

- 

75%RH 

1.4 

4.3 

- 

*Rate of Control 
Rate of Additive 
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Days 

7 

23 

37 

41 

48 

56 

76 

90 

100 

12 1 

137 

TABLE 17 

Run 2 

Peroxide Values 

Freeze-dried Humidified Chicken System a t  37°C 

Pv = MEQ/Kg Fat 

Control. 200ppm BHA lOOppm Citric Acid 
Dry 32% 75% Dry 32% 75% Dry 32% 75% 

0 

0 

0 

0 

0 

0 

0 

0 

- 
2.70 

9.29 

0 

0 

0 

0 

0 

3.77 

5.88 

3.77 

- 
32.6* 

214.5 

0 0 

0 0 

0 0 

2.04 0 

0 0 

3.12 0 

5.36 2.80 

3.42 0 

* - 
96.9 2.66 

43.1 - 

0 

0 

0 

0 

0 

0 

1.53 

2.18 

- 
7.16 

- 

0 

0 

0 

0 

0 

0 

2.86 

2.52 

- 
3.17 

- 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

2.12 4.22 

- - 
0 1.53 

- 

0 

0 

0 

0 

0 

2.63 

5.38 

5.88 

* 

11.37 

- 

* Time a t  which rancid by s n i f f  test 



TAB= 18 

Comparison of Oxidation 

Freeze-dried Humidified vs Direct Mixing a t  75% RH 

Run 2 Chicken/Cellulose/25% Glycerol System at 37°C 

Peroxide Value meg/Kg 

Days Freeze-dried Direct Mix 
Humidif led* S y stem* 

(Run 23 NAS 9-9426) 
I_ 

0 

7 

23 

37 

48 

56 

76 

90 

0 

99 

120 Rancid 

50 

29 

5 

- 

12 1 97 Rancid - 

* 
** 

15.15 g H20/100 g s o l i d s  a t  75% RH 

30 g H20;/100 g s o l i d s  a t  75% RH 
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Days 

7 

23 

37 

41 

48 

56 

76 

TABLE 19 

Run 2 

Browning of Freeze-Dried-Humidified Chicken System @ 37"C, 

B = (OD42018 solids) x 100 

Dry 32% 75% Dry 32% 75% 

.325 

.238 

,432 

,268 

* 354 

.825 

.836 

.188 ,319 -e-- 

.316 .ZOO -e-- 

.404 .285 .223 

,248 .I99 ,530 

---I * 934 ,357 

.I22 .970 .207 

.631 .954 e 664 

---- 
"I-- 

.213 

.364 

,359 

,269 

.688 

Dry 32% 75% 

*--- 0e-e  I--" 

--*- ---- --a- 

.333 .230 .267 

.504 ,373 ,286 

.416 1,236 .478 

1,587 1,101 1,432 

.671 .917 2.292 
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F: 
0 

4J 
0 
C 

& 
0 
a 0 



Control 

61% RH 

75% RH 

200 ppm BHA 

61% RH 

75% R€I 

100 ppm EDTA 

61% RH 

75% RH 

TABEE 21 

Run 4 Chicken/Glycerol IMF 

Time to  Reach Rancidity 

Days 

Freeze-Dried 

76 

>82 

>82 

382 

>82 

72 

Direct Mix 

22 

26 

763 

%3 

>63 

34 
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TABLE 25 

Infusion Chicken System, Run 11 

Days 

0 

10 

24 

30 

35 

49 

54 

63 

68 

78 

83 

93 

109 

1 3 4  

Peroxide Value (meq/kg f a t )  

Direct Mix Freeze Dried 
45 = 0,61 0.75 0.84 0.61 0.75 0.84 

0 0 0 0 0 0 

0 3 6 0 0 0 

0 3 8 0 0 0 

- - - 0 1 1 

- - - 0 15 24 

- - - 0.2 1.2 2.7 

2.4 6.6 14,6R - - - R 

R 3.0 qR 7.2 

2.5 5.8 9.0 - - - 

- - 3.9 6.9 7.4 

9.9 - - 8.9R 5.7 4.8 

= rancidfty R 
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TABLE 25A 

Peroxide Values of Commercial Dog Foods 

PV = meq/kg f a t  

DOG FOOD 

Direct Mix Freeze-Dried 
Days 

0 

7 

16 

20 

24 

28 

43 

47 

59 

63 

37OC 

2.9 

3 ,a 

- 

- 
8.2 

- 
6 - 9  

7.9 

- 
11.2 

44" c 

2.9 

L 

2.7 

- 
4.4 

- 
4.1 

- 
4 - 9  

7.9 

Moisture content 0.27 
(g H20/g solids) 

3 7 O C  

2.4 

- 

3.9 

7. I 

- 
7.4 

- 
11-7  

- 
11.5 

- 

0.20 



TABLE 26 

Run 5, Carrot IMF System 

Time to Reach 
An Unacceptable Color Level (Days) 

ODhs0 = 0.1 

Direct Mix Freeze-Dr ied  

Control 

,617, RH 

75% RH 

200 ppm BHA 
(fat b a s i s )  

12 

21 

61% RH 9 

75% RH 34 

200 ppm EDTA 
(total solids bas i s )  

61% RH 37 

75% Ru[ 42 

21 

28 

27 

25 

33 

28 
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Run 

Run l(App1esauce) 
(Direct Mix) 

Run 3 (Applesauce) 
(Direct Mix) 

- 

(Freeze Dry) 

Run 8 (Bananas) 
(Direct Mix) 

(Freeze Dry) 

TABLE 29 

IMF Systems for Browning 

Kinetic  Va lue s 

37°C 
45" c 

37°C 

45OC 

37OC 

4 5 O C  

37OC 

44" c 

57°C 

37°C 

44" c 

57OC 

A -W 

0.95 
0.95 

0.75 
0.61  
0.75 
0.61 

0,75 
0.61 
0.75 
0.61 

0.61 
0.75 
0.61 
0.75 
0.61 
0.75 

0,61 
0.75 
0.61 
0,75 
0 . 6.1 
0.75 

% Glycerol i n  
Liquid Phase 

3 .5 
3 .5 

52 
69 
52 
69 

66 
78 
66 
78 

68 
50 
68 
50 
68 
50 

77 
63 
77 
63 
77 
63 

Time  to Reach 
B = 5  

34 days 
20 days 

>IO0 days 
85 dags 

>85 days 
55 days 

>lo0 days 
d o - 3 0  days 

9 5  days 
30 days 

>80 days 
>80 days 

58 
36 
30 
2 3  

>80 
78 
55  
30 
20 
20 
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TABLE 32 

Applesauce IMF. Run 10 

(OD/gram applesuace solids) x 100 

Direct Mix Free z e- D r  ied  
Days RH = 61% 73% 84% 90% 61% 75% 84% 90% 

0 

5 

6 

13 

17 

22 

30 

35 

37 

109 49 

e"-- 

97.9 

82.3 

69.3 

79.5 

--.- 
68.7 

= Unacceptable 
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TABLE 34 

Run lM - Pumpkin IMF System 

Mold Growth 

Direct Mix System 

System A, 
I_Ic. - 

A 0.85 - Growth in  48 hrs 

B 0.80 - Growth i n  120 hrs 

C 0.75 - Growth i n  2 weeks 

D 0.70 - No growth 

Freeze-Dried System 

System %Glycerol = 0.90 0.84 0.75 0.61 - -. - ,- 

A 24 No growth i n  three weeks 

B 33 

C 40 

D 45 

I 1  11 

I1 I t  

11 I1 
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TABLE 35 

Run 2M - Chicken Dice Infusion IMF System 

Direct Mix 

System A B C D 

0,85 - 0.80 - 0.75 - 0.70 
L 

Ob serva t ion Vis ib le  Vi s ib le  Vi s ib le  No v i s i b l e  
growth growth growth growth 

i n  5 days in  6 days i n  12 days in 14 days 

14 d a y s  
# organisms/g 109 3.4 108 1.2 106 4.6 lo4 

Freeze-Dried (14  day count - i' organisms/gram) 

0,90 0.61  - 0.75 - 0.84 - - A 

System 

W 

A 1.3 x 10 8 x 10' N o  growth No growth 

B 2 x lo2 1 x lo2 I1 11 

C 1.7 lo4 1 102 11 11 

D 6 x lo2 1 x 10' 11 11 
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TABLE 36 

Run 3M - Pumpkin IME' - Cell Counts 

(# mold/grarn food so l ids )  

Direct Mix Control 84% RH 

Init i a  1 1 103 

7 days 105 

14 days 

Freeze-Dried 84% RH 9WA RH 

I n i t i a l  (from drier) 183 183 

5 hr Rehumidified 130 100 

3 days 30 20 

5 days 20 20 

11 days 10 0 
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TABLE 38 

Banana IMF - Cel l  Viabi l i ty  - Run 5M 
11 Cells/Rram food solids 

MOLD 
Treatment Direct Mix Freeze Dry 

4 A = 0.90 

a f t e r  humidification " 
i n i t i a l  3,2 x 10 

4 days 4.4 lo4 
7 days 9,6 104 

- 5  12 days 2,9  x 10 
19 days 1,7 104 
30 days 1.9 x 104 

10 days 

= 0.85 
i n i t i a l  6.2 104 

4 days 4.5 x 1105 
7 days 8,9 104 

10 days - 
12  days 3.6 105 

after humidification " 

19 days 1 x 10; 
30 days 8.6 x 10 

4 Aw = 0.80 

a f t e r  humfdif i ca t ion  - i n i t i a l  4.5 x 10 

4 days 1.4 lo5 
7 days 2.3 105 

10 days .. 
1 2  days 
19 days 2.4 x IO5 
30 days 1.1 x 3.0 

2 x lo4 5 

4 A, = 0.75 

a f t e r  humidification ., i n i t i a l  3,4 x 10 

4 days 1,7 103 
7 days - 

10 days L 

12 days 1.1 103 
19 days 5.7 x 10; 
30 days 8,6 x 10 

5.6 104 
3.2 104 

6.4 104 
3.7 104 

- 4  

- 
- 

8,5 x 10 

1.3 x 10; 
1,3 x 10 

4 8.5 x lo4 
6.8 x 10 

- 
- - 

4.5 103 

4.7 x 10 4 

5 x lo2 
5 x 102 
8 x lo3 

- 
2.5 103 

5.7 lo3 
0 

0 
0 - 
0 

CONTROL 
Direct Mix Freeze Dry 
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TABLE 38 (Continued) 

Treatment 

Banana IMF - Cel l  V iab i l i ty  - Run SM 

# Cells/gram food s o l i d s  

MOLD CONTROL 
Direct Mix Freeze Drg Direct Mix Freeze Dry 

A, = 0.68 

a f t e r  humidification 
i n i  t i a  1 4 ,6  104 

4 days 7.3 x IO3 
- 

3 
7 days L 3  x 10 

10 days 
12 days 2.6 x 10 
19 days 

- 4  

30 days 3.9 x 104 
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TABLE 38 (Continued) 

Banana IMF .. C e l l  V iab i l i t y  - Run 5M 
# Cellslgram food so l id s  

Treatment 

O e 9 0  
i n i t i a l  

4 days 
7 days 

10 days 
12 days 
19 days 
30 days 

after humidification 

Aw = O e 8 5  
i n i t  i a  1 

4 days 
7 days 
PO days 
12 days 
19 days 
30 days 

a f t e r  humidification 

A = 0.80 

a f t e r  humidification 
i n i t i a l  

4 days 
7 days 

10 days 
12 days 
19 days 
30 days 

Aw = 0.75 

a f t e r  humidification 
i n i t  l a  1 

4 days 
7 days 

10 days 
I2 days 
19 days 
30 days 

A = 0,68 

a f t e r  humidification 
i n i t i a l  

4 days 
7 days 

PO days 
12 days 
19 days 
30 days 

W 

Sorbate (Plus Mold)* 
Direct Mix Freeze Dry 

4 3,1 x 10 

0 
0 

0 
0 
0 

- 
e 

4 6.2 x 10 

0 
0 

0 
0 
0 

" 

- 

2,5 104 - 
0 
0 

0 
0 
0 

- 

l e3  x IO4 
* 

1,6 104 
0 

3 5.4 x 310 
5,4 x IO2 

0 
0 

0 
0 

- 

- - 
0 
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TABLE 43 

Packaging Analysis 

Chicken IMF System 

Food Factors Desorption Isotherm Adsorption Isotherm 

b isotherm slope 
gram HzO/g solid 

C isotherm intercept  

m i  g HZO/g sol id 

A i n i t i a l  

me a t  50% RPI 

me a t  9077 RH 

mc (25% loss of water) 

mc (gain of water t o  k, = 

W 

0,851 

Storage Factors 

T = 80°F P, = 30 mmHg 

Package contains 25 g s o l i d s  including g lycero l  

Package area 0,025 mz 

.", A/w, = loe3 m2/gram 

For weight loss external  % RH = 50 

For weight gain e x t e r n a l %  RH = 90 

1.4 

-0,6 

0.42 

0,75 

0.10 

0,66 

0,3 

0,6 
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Film 

1, Seran 

2 , Polyethylene 

- 

WBLE 44 

Typical Values of Water Permeability 

for COi%nt?rcis l  Films 

(@ 80 - 100°F) 

3, Scotch Pak Laminate #l& 7.5 mil) 

4 .  Scotch Pak Laminate ?!!5 (3 m i l )  

5 ,  Mylar 

6 ,  Teflon 

7 ,  Nylon 6 

8 , Polystyrene 

9 .  Cellulose Acetate 

- KR 

0,0025 

0,025 

0,07 

0,15 

055 

0e7 

2*0 

4 e 0  

25 



7. 

11. 

TABU 45 

Summery of Time t o  Reach Rancid Off Flavor 

Chicken/Cellulose/Glyceral 
Aw i= Q,75 

A * 0,61 
0,75 

Chfcken/Glyceral 

Parkj Glycerol 
Aw = 0,75 

Q984 

Infusion Chicken 
A 5 0,75 

0,84 

Direct Mix 

23 

22 

26 

19 

19 

27 

27 

54 

54 

_FD-Rehumfdified 

12 1 

76 

>82 

>29 

>2 9 

>120 

-105 

78 

78 
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TABLE 46 

Viscosities of Aqueous Phase Due to Glycerol 

Run % Method O€ Glycerol Viscosity’ 
preparation concentrat ion* (CP) 

(%I 

4 0.61 dSrece mix 
freeze-dried 

0,75 direc t  m i x  
freeze-dried 

7 0,75 direct mix 

0.84 d i r e c t  mix 
freeze-dried 

63 
75 

43 
60 

41 
60 

27 
44 

6 s 8  
13.6 

2.1 
5*1 

2,5 
5,L 

weight of glycerol 4- weigha: of water i n  food 

bNewrnan (2968) 



TABLE 47 

Antioxidant Effectiveness 

Days to Rancidity 

Run # System Contro 1 200 ppm 100 ppm 
BHA EDTA 

2 

4 

7 

( 3 )  

* 

Chicken 4, = 0.75 12 I (500)* 

Chicken 
Direct Mix A = 0,61 22 (150) 4 = 0.75 26 (150) 

FD-rehumid if y 
c- 0.75 76 (180) 

Aw = 0.75 (100) (200) 

Direct Mix Aw = 0.75 27 (40 )  
A W = 0.84 27 (40 )  

Alq = 0.84 105 (150- 200) 

Pork 

FD-Rehumidify 
Aw = 0.75 (150) (150-200) 

(175)* 

( 100) 
34 

(200) 
72 

27 
2 1  

(150-200) 
(150- 200) 

In Run 2 c i t r i c  acid was used instead of EDTA. 

Numbers i n  brackets a re  estimates s ince not enough samples were 
a v a i l a b l e  to  carry the  t e s t  through t hese  times. 
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SYSTEM 

Banana IMF 

Mo I d  

TABLE 48 

Summary of Minimum Growth & in E@ Systems 

Pork IMF 

Mo Id  

Yeast 

Pseudomonads 

S t a p h  

DESORPTION 

- 0-68 

0.75- 0 68 

0 . 84- 0,75 
0.84- 0.75 

0.84-0.75 

ADSORPTION 

>o .9 

x . 9  

>0,9 

YC.9 

>0.4 
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FIGURE 2 

ELATIVE HUMIDITY 
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FIGURE 3 
WATER ACTXV'iLTY LOWERING BY GLYCEROL 
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GLYCERINE CONCENTRATION" PER CENT BY WEIGHT 
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FIGURE 8 
SORPTION ISOTHERMS 
ZElF SYSTEMS 
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FIGURE 10 
ORGANISM GROWTH CURVE 
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